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PHOTOGRAPHY OF THE SOLAR SPECTRUM 
FROM 6800A TO 9600 A 


By W. F. MEGGERS 


Nearly thirty years have passed since Rowland photographed 
the solar spectrum from its limit in the ultra-violet at 3000A 
into the visible red at 7300 A. Many attempts have been made 
to photograph the spectrum of the sun through the red and out 
into the adjacent infra-red, but thus far no results have been 
obtained which are comparable with those in the visible and ultra- 
violet regions. 

The pioneer work in ‘‘ Mapping the Least Refrangible End of 
the Solar Spectrum”’ was described in 1880 by Captain W. de W. 
Abney,’ who prepared a silver-bromide emulsion which was sensitive 
to long waves. With this emulsion the prismatic spectrum of the 
sun was photographed to about 12000 A, and the diffraction spec- 
trum to 10750 A. The dispersion of glass prisms was too small to 
show any detail in the spectrum, and jess than 200 Fraunhofer lines 
were shown by the grating spectrum from 7600 A to 9825 A. In 
1885 better photographs were obtained, and 590 Fraunhofer lines 
were recorded between the wave-length limits 7146 A and 9867 A.? 
The gratings were small and the photographic emulsion was 

* Philosophical Transactions, 171, 653, 1880. 

2'W. de W. Abney, ibid., 177, 457, 1886. 
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probably very. coarse-grained; hence the definition was poor. The 
wave-lengths were determined only roughly, making exact coin- 
cidences with wave-lengths in spectra of known chemical elements 
impossible. W. Ritz' performed some experiments to improve 
Abney’s emulsion, but the production of such red-sensitive emul- 
sions appears to have been too difficult or uncertain to yield any 
further results in spectrum photography. 

In 1891 George Higgs’ prepared bisulphite compounds oi 
alizarin blue and cerulin as photographic sensitizers, and suc- 
ceeded in making an excellent map of the solar spectrum’ out to 
8300 A by the use of photographic plates stained with alizarin 
blue S. With a narrow slit and long exposures, results in the 
extreme red end of the spectrum were obtained which possessed 
most of the detail and definition usually so characteristic of the 
violet end. No measurements of wave-length were given except 
for the absorption bands of oxygen A, B, and a.‘ 

In 1906 Millochau,’ at Meudon Observatory, recorded some of 
the infra-red solar spectrum on photographic plates dyed with green 
malachite and “solarized’’ before use. Approximate wave-lengths 
of only 106 Fraunhofer lines between the limits 8025 A and 9325 A 
were given. 

Up to the present time, therefore, no complete or accurate 
determinations of wave-lengths corresponding to Fraunhofer lines 
in the infra-red spectrum have existed, and there have been scarcely 
any reliable measurements in spectra of the chemical elements in 
this same region; identifications of absorption and emission lines 
have therefore been few and uncertain. 

During the past year the Bureau of Standards® has had con- 
siderable success in photographing the red and adjacent infra-red 
regions of the spectra of chemical elements by means of ordinary 
photographic plates stained with dicyanin. The process of 

* Comptes Rendus, 143, 167, 1906. 

2 Proceedings of the Royal Society, 49, 345, 1801. 

3 Astrophysical Journal, 7, 86, 1898. 

4 Proceedings of the Royal Society, 54, 200, 1894. 

5 Comptes Rendus, 144, 725, 1907. 

® Bulletin of the Bureau of Standards, 14, 372, 1917. 
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sensitizing the plates was practically that recommended by Dr. 
Keivin Burns’ in 1913. About 4 cc of a stock solution of one part 
dicyanin to one thousand parts of alcohol were added to 50 cc 
distilled water, 50 cc ethyl alcohol, and 5 cc of strong ammonia. 
Rapid photographic plates like Seed 27 or Graflex were immersed in 
such a bath from three to five minutes, rinsed in alcohol, and dried 
rapidly. Plates treated in this manner were found to be quite 
sensitive to wave-lengths between 6000 A and goooA. Such 
plates have been used with a six-inch concave grating, having 7500 
lines per inch and 21 feet radius, to photograph the spectra of more 
than forty of the chemical elements. Exposures of thirty minutes 
recorded waves longer than gooo A, and exposures of six to eight 
hours’ duration have registered lines beyond 11000 A with arcs of 
the ferrous metals. 

This success with artificial sources suggested an attempt to 
photograph the infra-red solar spectrum on plates stained with 
dicyanin. The work was undertaken at the Johns Hopkins 
University last April and May. For most of this work a five-inch 
plane grating with 20,000 lines per inch was used, with lenses of 
18 feet (548.6 cm) focal length. This spectrograph gave a linear 
dispersion on the plate of 2 A per mm in the spectrum of the first 
order. A seven-inch grating with 15,000 lines per inch was also 
used. The apparatus was mounted on the fourth floor of the same 
laboratory, in the heart of Baltimore, where Rowland’s work was 
done. In this laboratory disturbances are, no doubt, more frequent, 
vigorous, and troublesome now than they were in Rowland’s time: 
Vibrations caused by passing street cars, railway trains, and heavy 
street traffic made it impossible to get satisfactory exposures of 
more than twenty minutes’ duration. In spite of bad weather 
and hazy and smoky skies, these exposures sufficed to record the 
solar spectrum with good definition out to g600 A. Under more 
favorable conditions this spectrum would have been photographed 
to still longer wave-lengths. The sensitiveness of dicyanin-stained 
plates to these long waves is demonstrated by the fact that the 
long wave limit of the visible spectrum (7600 A) was recorded by 
exposures of less than one minute. The region 8600 A required 
* Journal de physique (5), 3, 457, 1913. 
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only four or five minutes and g600 A twenty minutes of exposure. 
Some of these photographs are reproduced in Plates I, II, and III, 
which show the solar spectrum from 6860 A to g600 A.'_ Between 
the limits of wave-length 6800 A and g600 A the original photo- 
graphs show nearly 2000 Fraunhofer lines. Comparisons with 
Rowland’s measurements in the region 6800 A to 7330 A show that 
some of the fine detail is lost by using coarse-grained emulsions for 
stained plates. By using fine-grained photographic plates and 
giving from five to ten times as much exposure, all of Rowland’s 
faint lines could probably be registered by means of the dicyanin 
sensitizer. 

Practically all of the 225 wave-lengths between 6800 A and 
9600 A which have been photographed in the spectrum of the iron 
arc were easily identified with absorption lines in this region of 
the solar spectrum. These wave-lengths were therefore used as 
standards for the measurement of wave-lengths corresponding 
to the remainder of the absorption lines shown by these stained 
plates. Thus far nearly 400 of these solar wave-lengths have been 
identified with those of emission lines in the red and infra-red arc 
spectra of eighteen of the chemical elements. The spectra of 
eleven other elements have been measured in this spectral region, 
but none of their lines have been found among solar absorption 
lines, although some of these elements, notably the rare gases, have 
their strongest lines in the red and infra-red. Perhaps these rare 
gases should be looked for in the chromospheric spectrum of the 
sun. The table shows the number of Fraunhofer lines which have 
been measured in the region of long waves, and also indicates the 
number of lines which have thus far been identified with emission 
lines in the spectra of chemical elements. _ 

In addition to the oxygen bands, many of the absorption lines 
in the long-wave region of the solar spectrum are, without doubt, 
of terrestrial origin. This is especially true of the lines near 8230 A 
and of the bands in the region 9300 A to g600 A which Langley’ 

tIt is difficult or impossible to reproduce the faintest lines and close lines which 


are near the limit of resolution, but at least 75 per cent of the total number of lines 
seen on the original photographs are shown in these Plates. 


2 Annals of the Smithsonian Astrophysical Observatory, 1, 1900. 
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designated p, a, and r, and believed to be due to water-vapor. 
There was no opportunity of photographing these when the sun 
was near the horizon because the walls of the building shielded the 
heliostat before nine o’clock in the morning and after four o’clock 
in the afternoon. Photographs taken at noon and three hours 
later do not show enough difference in line structure in these 
spectral regions to permit the separation of telluric from solar lines. 


NUMBER OF LINES IN THE SOLAR SPECTRUM BETWEEN 
6800 A AND A 


200 Barium....... I 
ey 63 Vanadium..... I 
Titanium....... 27 Selenium...... 1 (?) 
° 
Chromium...... 18 Lithium....... ° 
10 Rubidium. .... ° 
Manganese...... 6 Caesium....... ° 
6 Strontium..... ° 
Tungsten....... 3 (?) ° 
Magnesium..... 2 Helium...... ° 
Potassium. .... 2 ° 
2 Krypton...... ° 
Molybdenum.... 2 (?) ° 
Lanthanum..... 2 (?) Unidentified... 1600 


Dr. Schlesinger has recently given the Porter spectrograph’ 
at Allegheny Observatory for the continuation of work on the infra- 
red solar spectrum. This spectrograph was designed for work on 
the rotation of the sun and is now being used to separate the solar 
from the telluric lines by means of the displacement suffered by 
solar lines in consequence of the solar rotation. At the same time 
an effort is being made to extend photography of the solar spectrum 
to waves longer than roooo A. 

Publication of the wave-lengths (from 6800A to 9600 A) 
determined from the photographs of the solar spectrum made at 
the Johns Hopkins University will be- postponed until further 
investigations, now in progress at the Bureau of Standards, in this 


* Publications of the Allegheny Observatory, 3, 99, 1914. 


: 
' 
‘ 
‘ 
. 
‘ 
| 


6 W. F. MEGGERS 


region of the spectra of the chemical elements have been completed. 
This will make possible the identification of more Fraunhofer lines. 
; In the meantime the work at the Allegheny Observatory will give 

| results for still longer waves, and will separate the solar from the 
| telluric lines. | 
| In conclusion it should be stated that the importance of , 
dicyanin-stained plates for the purpose of photography in the red 
and infra-red regions of the spectrum cannot be overemphasized. 
| Their convenience and efficiency bring an invisible long-wave 
' spectral region as large as the entire visible spectrum within the 
reach of simple photography. Their sensitiveness to the long waves 
recommends their use for the extension of chromospheric and spot 
| spectra as well as for the sun’s photospheric spectrum. 


BUREAU OF STANDARDS 
WasHInctTon, D.C. 
November 9, 1017 
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A DETERMINATION OF THE SOLAR MOTION AND THE 
STREAM-MOTION FROM RADIAL VELOCITIES AND 
ABSOLUTE MAGNITUDES OF STARS OF LATE SPEC- 
TRAL TYPES’ 


By GUSTAF STROMBERG 


In a recent memoir? by Adams and myself the results of an 
investigation concerning the relationship of average radial velocity 
to absolute magnitude have been published and we have shown that 
the intrinsically faint stars have a higher velocity than those that 
are intrinsically brighter. The stars were grouped in different shells 
according to distance from the sun, and no decided variation of 
velocity with distance could be found. Continuing this investiga- 
tion, I have confirmed these results, and have further studied the 
solar motion and stream-motion as functions of absolute magnitude. 
This study, as well as the preceding, is based wholly on stars of the 
spectral types F, G, K, and M. For about 700 of these stars 
Adams has determined spectroscopically the absolute magnitudes 
and parallaxes. 

When I commenced this work a number of the spectroscopic 
parallaxes were not definitely determined, and for this reason the 
absolute motions of the stars in space have not been computed, the 
radial velocities alone having been used. Hence the absolute mag- 
nitude has been employed only for the grouping of the stars. In 
order to increase the material, use has been made of about 600 
determinations of radial velocity from the Lick and Mills Observa- 
tories. For these stars mean parallaxes have been computed from 
their proper motions and apparent magnitudes. 


MEAN PARALLAXES 


As mentioned in the paper cited, the recent determinations of 
stellar parallaxes by van Maanen, and of absolute magnitudes by 
Adams, indicate that stars of very small proper motion have paral- 
laxes considerably larger than would be expected from their proper 


* Contributions from the Mount Wilson Solar Observatory, No. 144. 
2 Mt. Wilson Contr., No. 131; Astrophysical Journal, 45, 5, 1917. 


7 


. 
j 
q 
a 
Sg 
| 
| 
on 
me: 
| 
. 


8 GUSTAF STROMBERG 


motions, were the mean parallactic formula of Kapteyn employed. 
This is perhaps due to the fact that a list of apparently bright stars 
of late types, chosen on account of small proper motion, involves 
the selection, not only of distant stars of high intrinsic luminosity, 
but also of nearer stars whose velocity at right angies to the line of 
sight is nearly equal in direction and magnitude to the component 
of the sun’s velocity in the same plane. Such a selection of stars 
of very small proper motion had actually been made in forming the 
list of stars to be observed for absolute luminosity and radial 
velocity at the Mount Wilson Observatory. 

Kapteyn’s formula for computing mean parallaxes from proper 
motion and apparent magnitude is' 


=Ap'e™, (1) 


where yu is the proper motion and m the apparent magnitude, A, d, 
and ¢ being constants determined from measured parallaxes and 
from the parallactic motions of the stars. To render the material 
homogeneous, new constants were determined from 700 spectro- 
scopically determined parallaxes. It was then found that the 
equation (1) gave a quite unsatisfactory representation of the 
smaller parallax. It is to be observed that hitherto the constants 
for the stars of later type have been based mainly on stars of large 
parallaxes, the formula for stars of small parallax being merely an 
extrapolation. Kapteyn’s formula, however, is given a theoretical 
basis by Schwarzschild? on the assumption of a constant luminosity- 
curve and velocity-curve for all stars at all distances. Now if the 
velocity is a function of absolute magnitude, the velocity-curves 
and luminosity-curves are dependent on one another; and since 
among the distant stars we observe only those of high luminosity, 
both curves are dependent on the distance. There is further a 
strong tendency, especially among the K and M stars, to a separa- 
tion of the absolute magnitudes into two groups, one of very high 
luminosity, the “giants,” and one of very low luminosity, the 
“dwarfs.” 


* Groningen Publications, No. 8. Constants redetermined by van Rhijn, Mi. 
Wilson Contr., No. 110; Astrophysical Journal, 43, 36, 1916. 


2 Astronomische Nachrichten, 190, 361, 1912. 
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We should also note that the small parallaxes determined spec- 
troscopically can be measured with the same percentage of error 
as the large parallaxes, provided there are no large systematic 
errors. In using spectroscopic parallaxes we have the great advan- 
tage of securing logarithmic error-distribution within the different 
groups, as well as in their combination, while in the case of the 
directly measured parallaxes we have a normal distribution of error 
in the parallaxes themselves, assuming that we are dealing with a 
group of stars at the same distance. In Fig. 1 are plotted the 
values of log 7 as a function of log wu for the spectral types F and G, 
K and M. The stars are treated separately according as they are 
near or distant from the sun’s apices, and all have been reduced to 
the apparent magnitude 6.0 on the Harvard system. The points 
are the means of the logarithms of the parallaxes for different 
groups of stars of different proper motions. From the figure we 
see that the straight line 


log r=log A+6 log wu 


gives a poor representation of the parallaxes of stars of small proper 
motion. Introducing the constants given by van Rhijn, which 
differ but slightly from those of Kapteyn, we have 


log r= —1 .078+0.695 log u—0 .0482 (m—6). (2) 


The equation 
log r=log A+6 log (u+c) (3) 


gives a decidedly better representation of the observations. The 
constant b, which gives the direction of the asymptote for large 
proper motion, is very difficult of determination, the stars of large 
motion being too few in number for the purpose. Without affect- 
ing the accuracy appreciably, however, we may put 6=1, an error 
in 6 affecting only the parallaxes of stars of very large proper 
motion. 
Table I gives the values of the constants in the equation 


log r=log A’+log (u+c)+(m—6) loge (4) 


together with their mean errors. The mean error of log z is denoted 
by r, and the angular distance from the sun’s apex by d. 
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From the comparison with the observations in Fig. 1 we see 
that there is a break in the continuity for the stars of types K and 
M between parallaxes 0”3 and 0708 (log r= —1.6 and —1.1), 
corresponding to the division of the stars into giants and dwarfs. 
Stars distant from sun’s apices. log 7 Stars near sun’s apices. log ™ 
stars 
-0.5 -0.8 
-2.0 “4.5 4.0 -0.5 -2.0 “1.5 “10-05 
“1.5 
Fic. 1.—Relation between log + and log uw. The points represent means of 
log *, spectroscopically determined, for groups of stars, all parallaxes having been 
reduced to the sixth magnitude. The continuous curves represent 
log =log A + log (u + ¢); 
the broken lines represent 
log r=log A + b log wu. 
TABLE I 
CONSTANTS FOR MEAN PARALLAX FORMULA 
d | log A’ log r No 
F and G Stars 
60°—1 20° ~1-2080.049 +0"157*+0%027 /—0.110+0.015 |+0.073) 244 
o°-60°, 120°-180 —1.081+0.065 +0.109+0.024 | —0.087+0.040 | =0.093) 202 
K and M Stars 


60°—1 20° —1.253+0.101 | +0"200+0"049 —0.101+0.020 |+0.15 | 117 
120°-180°| —0.965+0.086 | +0.084+0.033 —0.115#0.018 | *0.15 135 
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Since there are scarcely any intermediate stars, I have not thought 
it necessary to compute separate constants for the stars of these 
two classes. 

The difference in size of the points in Fig. 1 represents the differ- 
ence in weights, which is based directly upon the number of stars 
in the different groups. 

The values of log € are probably not representative of all stars, 
since the faint stars are selected mainly on account of large proper 
motion and thus have parallaxes that are too large. 

For values of « smaller than about 0703, the parallax is almost 
independent of proper motion, and we find 


log r=log A’+log c+(m—6) loge. (5) 


SYSTEMATIC ERRORS OF THE PARALLAXES 


In a paper by Kapteyn and Adams' it was suggested that in 
case the frequency function of the velocities were different from that 
given by Maxwell’s law, its character would affect seriously the 
interpretation of the relationship found between proper motion and 
radial velocity. In order to eliminate this effect, Adams and I have 
used a formula for mean parallax which is independent of the nature 
of the frequency function of the velocity components, and based 
only on the assumption that for a group of stars scattered over 
the whole sky this function is the same in all directions. A brief 
account of the derivation of the formula and of the final equations 
used was included in our paper. A more detailed and complete 
statement is given here. 

The star’s velocity in space corrected for the sun’s motion is 
projected on three axes, one coinciding with the radial velocity; of 
the other two, at right angles to the line of sight, one is directed 
toward the sun’s apex and the other is at right angles thereto. The 
three components of the star’s velocity in space, corrected for the 


sun’s motion, are therefore 
V’=V+V.cosd; V,=—+V.sind; V,=—, (6) 
T 
™ Mount Wilson Communications, No. 1; Proceedings of the National Academy of 
Sciences, 1, 14, 1915. 
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in which V is the star’s radial velocity, V, the sun’s velocity, d the 
angle between the star and the sun’s apex, v and r the components 
of the proper motion in the directions mentioned, and & a constant 
equal to 4.738 km/sec. Assuming the frequency function F to 
be the same in these three directions, we have 


F(V’)=F(V,)=F(V;). 


In a group of stars the logarithms of the parallaxes are dis- 
tributed more nearly in accordance with a normal frequency-curve 
than are the parallaxes themselves. In forming the mean parallax 
we therefore deal with the logarithms and use the geometrical 
instead of the arithmetical mean, and write accordingly, 


Geometrical Mean Parallax = r= TT (x), 
whence 


log log r=log 7, 


in which v is the number of individual parallaxes. A further advan- 
tage of this method of procedure is that the ratios in equation (6) 
are thus transformed into differences from which we can form 
directly log w or log 7, whatever the range in the parallax. 

We have, therefore, 


F, (log V’) =F, (log V-) or log V’=log V; 


where V’ is to be taken regardless of sign. We then find 


log r=log k+log t—log V’ 
or 
kr 


(7) 


T= 


a bar above the symbol denoting the arithmetical mean, a bar below 
the symbol the geometrical mean. 
For the vy component we have 
=F(V,) =F (2+ V. sin a). 


Hence, 


F,(V’—V, sin d) -1,(®) 


| 
| 
| 
| 
| 


SOLAR AND STREAM-MOTION 13 


and 
kv 
Fjlog (V’—V, sin @)|=F,(log 
or, finally, 
log r=log k+log v—log (V’—V, sin d) » (8) 
or 
ky 
sind 


Since F(V’) can be assumed to be equal to F(— V’) we also find 


F(-V’) V, sin 


or 
F, [log (—V’—V, sin d)]=F, [log (V’+V, sin 
Hence, 
log r=log k+log v—log (V’+V, sin d) (8a) 
or 
kv 
sind’ 


Taking the mean of (8) and (8a) we find 


log 7 =log k+log »—4[log (V’+V, sin d)+log (V’—V, sin d)]. (9) 


For a large group of stars scattered over the whole sky there can 
be only a small effect of preferential motion, and the assumption 
of the equality of the frequency function in the three components 
probably is nearly fulfilled. Furthermore, among the stars of later 
type the K-term, which can be interpreted either as a systematic 
error in the determination of radial velocity or as a general dilata- 
tion or contraction of the stellar system, appears to be very small. 
In the paper by Adams and myself already cited, we found for paral- 
laxes larger than 0”017 a good agreement between the values com- 
puted from the formulae (7) and (8) and the parallaxes actually 
employed, the latter being in part spectroscopic determinations and 
in part computed from formula (5). For smaller parallaxes, how- 
ever, equations (7) and (8) gave smaller values than those actually 
employed. 
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Formulae (7) and (g) have now been applied to a large number 
of parallaxes determined spectroscopically by Adams in order to 
find the systematic errors in his values. Stars of proper motion 
smaller than 0”020 annually have been excluded. Table II con- 


TABLE II 


SYSTEMATIC ERROR OF SPECTROSCOPIC PARALLAXES 


M No m M, | Ty M 
| 
A8&8—F7 Stars 
| km | 
S3-9| 32 | 4.81 |+2.54 | 07035 | 07034 | 07043 | 07038 10.3 | +2.71 | —0.17 
24.0] 33 | 5.89 |+4.78 | 0.060 | 0.041 | 0.057 | 0.049 17.8 | +4.34 | +0.44 
F8—G; Stars 
33.9) 81 | 5.07 | +1.49 0.019 | 0.024 | 0.020 | 0.022 | 30 
24.0|104 | 6.61 |+5.34 | 0.056 | 0.049 | 0.079 | 0.064 | 23.9 | +5.64 | —0.30 
G8 — K4 Stars 
S1.9| 89 | 5.04 +1.00 | 0.0156 0.0161 0.0176 0.0168 | 10.3 | +1 16 | —o0.16 
22.0) ot | 6.87 |+5.26 | 0.0477 0.0421) 0.0460 0.0441 | 18.9 '+5.09 | +0.17 


tains the result of the comparison. M, is the mean absolute mag- 
nitude as determined by Adams, m the mean apparent magnitude, 
and m,=10°2(“%—™)- the geometrical mean of the spectroscopic 
parallaxes; z, and 7, have been computed by equations (7) and 
(9). V’ is the geometrical mean of the radial velocities and M, the 
absolute magnitude computed from 


M,=m+5+5 log (10) 
where 
T= 

Formulae (7) and (g) for the mean parallax appear to possess 
some advantages over those commonly used when the range in 
proper motion is large. It is not necessary that the variation in 
m be very small, which is an essential condition both in Campbell’s 
formula 7=kr/V’ and in the formula for computing mean paral- 
laxes from the parallactic motion, namely, 


2V,=0, 


| 
| 
| 
| | 
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or 
_ __kvsind 
V, sin? d 


In order to secure this result, the stars usually are divided into 
groups of the same proper motion and apparent magnitude, but we 
then often obtain groups which are too small to furnish values of 
7 accurate enough for deriving absolute magnitudes. Further if 
the geometrical mean of z is used, we can compute directly from the 
mean apparent magnitude the mean absolute magnitude, whatever 
the range in 7. 

The largest difference in absolute magnitude in Table II is only 
0.4, corresponding to an error in the parallax of } of its value. We 
may therefore assume that the systematic errors in the spectro- 
scopic parallaxes are comparatively small. 


AVERAGE RADIAL VELOCITY AND ABSOLUTE MAGNITUDE 


In the paper by Adams and myself it was stated that a very pro- 
nounced correlation exists between absolute magnitude and average 
radial velocity. In that investigation types F and G were combined 
as well as types K and M. I have now treated types F, G, and K 
separately and have found as before that no appreciable effect of 
distance can be detected by studying separately stars at nearly the 
same distance. In addition, I have computed the so-called K-term, 
i.e., the algebraic mean of the radial velocities corrected for the 
sun’s motion. With reversed sign this term can be regarded as 
the systematic correction to the measured radial velocities, on the 
assumption that the algebraic sum of the radial velocities corrected 
for the sun’s motion is equal to zero. 

The results are in Table III. M is the mean absolute magni- 
tude, m the mean apparent magnitude, 7 the geometrical mean of 
the parallaxes, V’ the geometrical mean of the radial velocities cor- 
rected for the sun’s motion, 6 the average radial velocity regardless 
of sign, and K the algebraic mean of the radial velocities. The 
radial velocities are here corrected for the sun’s motion, the con- 


stants 
A=270, D=+30°, V=20.0km 
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being assumed. The ratio of the number of stars within galactic 
latitudes +30° and —30° to the whole number of stars in the group 
is denoted by c, which is, accordingly, a measure of the galactic 
condensation. Were the stars uniformly distributed over the sky 
the value of c would be o.5. 


TABLE III 


RADIAL VELOCITY AND ABSOLUTE MAGNITUDE 


No. | M | m | | No. | 
M = 
F Stars 
l | km | | km km 
eer 56 | 0.24 | 4.16 | of016 | 7.0 | 0.86) 56 | 10.8 | +0.8 
73 1.54 | 4.83 .022 | 9.7 14.4 | +0.8 
66 | §.32 .026 | 8.6 .64 || 65 12.9 | —1.5 
eae 104 4.28 | 5.70 -052 | 15.3 .45 92 16.3 | —1.0 
299 2.44 5.12 | 0.029 | 10.4 0.59 | 286 | 14.0 | —0.3 
| | 

G Stars 
152 | 0.31 | 4-91 | o12 7.8 66 | 149 | 11.3 | $2.3 
112 | 1.38 | 5.76 | .013 | 10.0 50 | 108 | 13.1 | +0.2 
2.0-3.9....... 58 | 2.74 | 5.60 | .027 14.5 50 | 51 | 17.2 | 8-7 
4.0-5.9 73 4.97 | 6.49 | .050 15.3 42 || 59 | 15-7 | —2.3 
aa 36 | 6.90 | 7.36 | .08t | 20.2 | .39 || 30 | 21.2 | —4.9 
431 2.25 | | 0.020 I1.0 | ©.53 || 307 | 14.1 | ~0.§ 

K Stars 
ee 124 0.52 | 4.18 or8 | 8.5 | 72 || 124 13.5 | +1.6 
251 1.42 | 4.84 .O21 11.6 | 251 16.5 | +1.8 
2.0-4.9.. 108 2.59 | 5.08 .032 | 14.7 | -53 | 107 21.0 | +6.1 
ee | 78 | 7.10 7.45 .085 | 17.4 .40 7 27.6 | —7.9 
s6r | 2.23 | 5.11 | s60 | 18.3 | +1.2 


Both the geometrical means, V’, and the arithmetical means, 6, 
of the radial velocities show a decided increase with decreasing 
brightness. There is, however, for all three types an apparent 
deviation from a linear relationship between radial velocity and 
absolute magnitude. If we plot the numbers, we find a break in 
the straight line at absolute magnitude 2 for F stars, at 3 or 4 for 
G stars, and between 4 and 6 for K stars. The same break occurs 
in the K-term, the absolutely bright stars having a positive K-term 


| 
| | 
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and the absolutely faint a negative K-term. This break in the 
continuity is probably related to the division of stars into the giant 
and dwarf classes. 

If we assume the mean velocity to be a function of the mass 
rather than of the absolute brightness, the more massive stars hav- 
ing smaller velocity than 
the less massive, we find +66°5 
that the ratio of lumi- &, / 4, | b,\ 
nosity to mass is larger +4 30° 
for the giants than for 


the dwarfs. This is in 
harmony with Adams’ 3° 
results that the low- d\ gt él ele 


temperature lines are 

strengthened in the 

spectra of the dwarf 

stars. — 66° 5 
From Table III we Fic. 2.—Distribution of forty-eight standard 

find further that the very regions in the sky. 

luminous stars show a 

much larger galactic concentration than the absolutely faint stars, 

the latter seeming rather to avoid the galaxy. 


SOLAR MOTION AND ABSOLUTE MAGNITUDE 


In order to find whether any decided relationship exists between 
the solar motion and the absolute magnitude, I have grouped the 
stars according to absolute magnitude, taking types F and G 
together. Only the radial velocities have been used in this inves- 
tigation. Adopting a method of Charlier," I divided the sky into 
48 regions of equal area; but instead of using the equator as a plane 
of symmetry, I have grouped the stars in areas symmetrical to the 
galactic plane. This was done mainly to simplify the study of 
the stream-motion. Fig. 2 shows the location and designation of 
the areas. 

Regions c, to ¢,. and d, to d,, are situated along the galactic 
equator between latitudes +30° and —30°, the origin of longitude 


* Meddelanden frin Lunds Observatorium, Ser. II, No. 8, 1912. 
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being the intersection of the galactic and celestial equators. The 
regions 6, to b,. and eé, tO éy are situated between latitudes + 31° 
and +66° Regions a and / are in latitudes higher than + 67° 
The centers of gravity of regions a, to c,, are given in Table IV. 
The centers for areas d, e, and f have the same longitudes, but 
galactic latitudes — 14°48, —45°1, and —8o’, respectively. 


TABLE IV 


CENTERS OF GRAVITY OF STANDARD REGIONS 


Region | Gal. Long. | Gal. Lat. || Region =| Gal. Long. Gal. Lat. 
270 | +80 | C2. 45 +14.4 
18 +45.1 75 +14.48 
b, 54 | 105 +14.48 
b; go | +45.1 135 +14.48 
126 | +45.1 | 165 +14.48 
bs 162 +45.1 | 195 +14.48 
be 198 +45.1 | ¢8 225 +14.48 
b, 234 || || 255 +14.48 
bg 270 | -45.1 | 285 +14.48 
by 306 +45.1 | Cm.-.-.----. 315 +14.48 
342 +45.1 | 345 +14.48 


The pole of the galactic plane is assumed to have the co- 
ordinates’ a = 190°6, 6= +27°2 (1900). 
The equations for finding equatorial from galactic co-ordinates 


are then 
cos a cos 6=+0.1846x+0 .4494y—0 87402 ) 


sin a cos 6= —o .9828x+0 .0844y—0 . 16422 (11) 
sin 6= +0 .8893y+0 .45732 
where 
x=cos | cos b, y=sin / cos 6, s=sin b. (12) 


The use of the galactic co-ordinates instead of equatorial is of no 
advantage in the computation of the solar apex, but is very con- 
venient in the study of the stream-motion. 

The equation of condition for the determination of the sun’s 
motion from radial velocities is 


VX ot ot = V, (13) 


* Groningen Publications, No. 18, 1908. 
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which is to be computed for each region separately, y,, y., and ¥; 
being the direction-cosines of the center of gravity of the regions, 
V the algebraic mean of the observed radial velocities, K the 
K-term, and X,, ¥,, and Z, the components of the motion of the 
centroid of the group of stars relative to the sun. Further, 


X,=—V,cos B,cos lo, Yo=—V,cos B, sin Z,=—V. sin B, (14) 


where L, and B, are the galactic co-ordinates of the sun’s apex and 
V, the sun’s velocity. 

The different regions have been given weights proportional to 
the number of stars in each. The results, with mean errors 
appended, are in Table V; @ is the average radial velocity. 


TABLE V 


Sun’s APEX AND VELOCITY 


No. M | om A | D K 
M — 
F and G Stars 
2110.31 4.68) 251°6 = 6°6 | +22°7* 6%1 19.4 | + 0.2 #1.8 |11.4 
267.5*#11.0| +36.3%12.4| 16.6 | + 0.0 [14.6 
271.6 9.0 +34.6+10.0 | 22.0 #=2.8|— 2.1 |16.2 
24.0 |1705.29|/6.41| 279.7= 9.5 |(+ 7.4* 9.9) (26.5 =4.1)| — 1.9 *2.7 |23.9 
(725 2.32/5.40| 268.1% 4.1 | +25.2* 4.9 | 19.94#1.38 — 0.69#0.8517.15 
K Stars 
So.9 1220.54 4.22| 282°4+ of2| +32.8+ 8.8 23.6 +2.6|+ 2.0 13.6 
1.0-1.9 245 1.41 4.86) 268.6 8.3 | +36.5* 9.2 20.5 1.1 #1.4 16.6 
2.0-4.9) 99 2.58 5.12) 282.1+ 9.9 | +16.1+ 9.4) 26.4 +°5.8 =2.4 18.1 
25.0 | 797.07 7.41 (285 34.4) (15.3 *6.6)(—11.1 |26.5 


545 2.25)5-13] 277-5 5.5 | +32.2= 5.8 | 22.2341.73 + 1.05+1.0018. 46 


Giant M Stars 


264°8+ 7°4 | +26.3+ 8.2 | 27.0 *3.3 | + 1.25#1.8616.9 


Bright |135|1.5 4.98 


There is an indication that the absolutely faint stars give a 
smaller declination of the sun’s apex than the brighter stars, which 
is in harmony with the result that stars of large proper motion give 
a smaller declination of the apex than stars of small motion. This 
is usually explained on the two-drift theory: Drift I having the 
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greater velocity relative to the sun, the stars belonging to it have 
on an average greater proper motions than those of Drift II. The | 
relation to absolutely faint stars is partly the result of a selection of 
stars of large proper motion. The results for the faint stars, how- 
ever, are very uncertain, as these have been observed mainly in the 
northern sky only (Mount Wilson Observatory). 
Putting K =o, the discrepancy in the declination of the sun’s 
apex is much diminished. The results corresponding to this 
assumption are in Table Va. 


TABLE Va 


Sun’s APEX AND VELOCITY—K-TERM=o 


M A | D Ve | “ 
F and G Stars 

km km 
0.31 251°4 +22.5 19.4 
1.44 267.5 +36.3 16.6 14.6 
2.76 272.1 +36.4 22.8 16.3 
5.29 279.6 +10.9 ee 23.9 
2.32 268.3 +26.1 20.13 17.15 

K Stars 
0.54 279.6 , +33.8 24.0 23.7 
1.41 268.1 +37.2 20.4 16.6 
2.58 284.5 +20.1 26.0 18.6 
| 7.07 289.0 +26.5 22.1 | 26.2 
| 2.25 277.0 | +32.5 22.16 | 18.5 


Giant M Stars 


4 | 264.2 | +26.1 | 26.8 | 16.9 


From all later-type stars (excluding dwarf M stars) we find for 
the solar motion 


Ao= 270°9+3°28 K=o (assumed) 
29.23.45 Ao= 270°7 
Vo= 21.48+1.02km/sec Do=+29.0 
6= 17.71 km/sec Vo= 21.42 km/sec 
K=+ 0.36+0.60 km/sec 6= 17.71 km/sec 


No. of stars 1405 
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The values of @ are found a posteriori from the least-squares 
solution. Their increase with the decreasing brightness is well 
shown. There is no pronounced relationship between absolute 
magnitude and solar motion, except the decrease of declination for 
the intrinsically faint stars, which probably is partly an effect of 
different proportions of stars belonging to the two drifts. It is to 
be observed that these faint stars cannot be compared with appar- 
ently faint stars, which according to Dyson and others give a high 
declination for the sun’s apex. The latter are mainly very distant 
stars, while the dwarfs are stars at very small distances. 


PREFERENTIAL MOTIONS 


The preferential motion of the stars used in this investigation 
has been determined from the radial velocities alone. Instead of 
using the dispersion—that is, the square root of the sum of the 
squares of radial velocities corrected for the solar motion divided 
by the number of stars—I have used the average radial velocity as 
a measure of the mobility in the line of sight. Squaring the 
velocities exaggerates the effect of a few high velocities, and even 
if we exclude velocities larger than a certain limit, there is often too 
great a number of high velocities near this limit. (Cf. Eddington, 
Stellar Movements, p. 147.) 

The grouping of stars according to absolute brightness is very 
useful for the study of preferential motion, since the different groups 
are then more homogeneous as regards their mean velocities and 
only a very few stars of high velocity have to be excluded. Since 
the reductions for each star were computed before the solar motion 
was determined, I assumed for the latter A = 270°, D= +30°, and 
V,=20.0km. These differ slightly from the values just found for 
the later-type stars, but the effect of the difference is quite inappre- 
ciable. No systematic correction has been applied to the meas- 
ured radial velocities (K-term) since the values found in Table V 
have rather large errors, and are themselves probably too small to 
affect the result appreciably. The average velocity corrected for 
the sun’s motion was computed for each region, the corrections for 
the sun’s motion being determined separately for each star, and the 
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co-ordinates of the center of the region were used for computing 
the velocity surface. 

I have made use neither of the ellipsoidal theory nor of the 
method for computing the two drifts, but have employed a more 
general method, which enables me to take into account the dif- 
erence in mean velocity at opposite points of the sky. We know 
that the sun is somewhat north of the real galactic plane, and, 
further, that the B-type stars and the apparently faint stars in 
general are not uniformly distributed in galactic longitude. If in 
accordance with Turner’s suggestion we assume the stream-motion 
to be a gravitational effect, we cannot expect a priori the velocity 
surface to be symmetrical with respect to the sun, but may antici- 
pate it to be related in some way to the eccentric position of the 
sun in the stellar system. Since the mean distance of the late-type 
stars is of the same order of magnitude as the distance to the center 
of the stellar system, we may expect asymmetrical (odd) terms in 
the analytical expression of the velocity surface. Such asymmetri- 
cal terms would also exist if the velocity of the stream-motion were 
different in different regions of space, which has been suggested by 
Kapteyn (Mount Wilson Annual Report, 1916, p. 255). 

We desire to express the average radial velocity as a continuous 
function of the longitude and latitude of the different regions. We 
start from the following rational integral function of the direction- 
cosines 

. . 


in which r is the radius vector and equal to the average radial] 
velocity 6, and x, y, and z are the direction-cosines of a point on the 
surface as defined by equation (12). We then have 


(16) 
The intersection of this surface with the XY Y-plane has the equation 
.... (17) 


*Such a surface including terms of second order only was used by Eddington, 
Monthly Notices, 75, 521, 1915, as representing approximately an ellipsoidal velocity- 
distribution. 
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Introducing the longitudes we find 
r=a.+ 8, cos /+ £8, sin cos 21+ y. sin 2/+ .... (18) 


whence we see that (17) can be represented by harmonic terms of 
the same order as the degree of equation (15). This property holds 
for every intersection of the surface with a plane through the 
origin, for the form of equation (15) is unaltered if we change the 
direction of the axes of the system of co-ordinates. The arguments 
of the harmonic terms are thus multiples of longitudes reckoned in 
the intersection plane. Taking into account this property, we find 
that the number of independent coefficients in the equation of the 
surface is (7+1)? where m is the degree of the equation. In equa- 
tion (15) some of the coefficients are thus superfluous, a fact de- 
pending on the circumstance that x, y, and z are connected by 
equation (16). These we shall eliminate as follows. 

It is convenient to define the coefficients in the expression for 
the surface in such a way that the terms in x, y, and ¢ represent 
deviations from the mean radius vector. We therefore introduce 
the condition r=a,, r being the mean of all the radii vectores to 
the surface. The integral over the sphere for all other terms must 
be equal to zero. This is the case for each of the terms as they 
stand, except those involving x”, y’, and 2’. The condition that the 
integrals for the sum of these terms may also be zero is found as 
follows: Since x, y, and z are direction-cosines, the definite integrals 
of x”, y’, and s? over the sphere are equal. Denoting the value of 
these integrals by o, the required condition is 


(Ci +0. +¢;)0 =0, 


whence 


To eliminate the remaining superfluous coefficients we write the 
identities 
By'+ Bys'—By=o (19) 


where a, 8, and y are quite arbitrary. Assuming 
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and adding equations (15) and (19) and simplifying, we find 


r=r1+Bx+ — (Ci + xy +C xz 


which contains no superfluous coefficients. 

Introducing now longitudes and latitudes defined by equation 
(12), we find the following trigonometrical expression for the sur- 
face: 

r=r+8, cos b cos /+ 8, cos b sin 1+ 8, sin b+7; cos? cos 2/ 
cos? b sin 2/+-;(2/3—cos? sin 2b cos 
sin 26 sin /+-6,, cos b cos 3/+6, 6 sin 3/ (21) 
+6; cos’ b cos / +6, cos} b sin 1+-6, sin b 
+4. cos? b sin b cos 21/+-6, cos? b sin 6 sin 2/. 


(20) 


Equation (21) is the expression for the surface to terms of the 
third order inclusive. For application I have changed the form of 
(21) somewhat in order to separate the terms more easily and to 
secure nearly the same variation in the different trigonometrical 
combinations, so that the coefficients may indicate nearly the real 
effect of the different terms. 

The form used is: 

cos cos /+-a, cos b sin /+-a, sin b+ <a, cos? cos 2l 

+a; cos? b sin 2/++-a¢ (2—3 cos? b)+a, sin 2b cos / 

+ ag sin 2b sin /+-a, cos’ b cos 3/+ cos’ 6 sin 3/ (22) 
cos 3b cos cos 36 sin /+4,; sin 36 

+4a,, 8/3 cos? b sin b cos2/+-a,; 8/3 cos? b sin sin 


The terms with coefficients a, to a; are of the first order, a, to dg 
of the second order, and a, to a,, of the third order: i.e., they have 
I, 2, and 3 maxima and minima, respectively. Each term repre- 
sents a deviation from the sphere 6=@=<a, but does not affect the 
mean value of 6=a, for the whole sphere. - 

Turning to Tables III and V, we find that average velocity is 
more closely related to absolute luminosity than to spectral type. 
For this reason and in order to obtain groups large enough for study- 
ing the variation in average velocity for different regions in the sky, 
the stars were divided into three groups having different radial 
velocities, each including stars of types F, G, and K. The first 
group contains the stars intrinsically brightest with absolute mag- 
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nitudes equal to or less than 1.9 for F and G stars, and equal to or 
less than o.9 for the K stars. The average radial velocity for this 
group varies from 11.4 to 14.6 km (see Table V). In the second 
group of stars, of absolute magnitudes 2.0—3.9 for F and G stars 
and 1.0—4.9 for the K stars, the average radial velocity ‘ranges 
from 16.2to18.1km. In the last group all stars fainter than these 
limits were taken together, with average velocity ranging from 23 .9 
to 26.5km. This group also includes 11 dwarf M stars with an 
average radial velocity of about 30 km. These groups are more 
homogeneous with regard to velocity and probably even to mass 
than groups based solely on spectral types. Further data are 


given in Table VI. 
TABLE VI 
GROUPS FOR STUDY OF PREFERENTIAL MOTION 


Group | No. | M | m 

km 
I Very bright....... 509 0.76 4.83 o"015 13.11 
513 2.08 5.09 0.025 17.13 
260 6.05 6.82 0.070 25.88 


The average velocity for the stars of these groups in each of 
the standard regions, corrected for the sun’s motion, is given in 
Table VII. The problem is the representation of these data by the 
surface defined by equation (22). 


TERMS OF EVEN DEGREE 


Since the terms of odd degree are equal and opposite in sign for 
opposite points in the sky, we may eliminate them by using the 
means for opposite regions. We can thus derive independently the 
terms of even degree. The corresponding equation," representing 
radial velocities, is 

6=a,+a, cos*b cos 2/+-a; cos*b sin (2—3 cos*b) 
+a, sin 2b cos /+ag sin 26 sin /. 
In combining opposite regions the average radial velocity was com- 
puted by giving weights proportional to the number of stars; but 
for the determination of the constants of the surface, the 24 means 


' This expression was used by Hough and Halm for computing the solar motion 
on the assumption of two opposite streams (Monthly Notices, 70, 94, 1909). 
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TABLE VII 
VELOCITIES FOR STANDARD REGIONS 
II Il | 1 | 
6 No. 6 No. 6 No. | 6 No.| 0 | No. | @ | No 
km km km km | km | km wa 
6:31 7 38.3 | tz 11.5 | 10/84] 6|15.2| 3 | 
5:9 | 4 [18.2] 13 | 25.8] 3 f, 16.0} 7 |23.6| 9] 2 
5-9 | 4 |14.7 | 20 | 33.3 | 14 | 13 3 | 17 |17-5 | | 11.3] 5 
ee 11.8 | 12 [18.4 | 17 | 31.4 | 14 || ex....|12.2 | 14 |11.2 | 9 | 30-7 | 4 
8.2] § |17.6| 10 | 16.2 | 8 || e..../12.2| 6 |15.3 | 12 | 27.9] 9 
b;.....113.0 | 12 |20.3 | 6 1 | 16 |15.7 | 11 | 25.2 | 13 
b,...../11.6 | 12 |16.9 | 9 | 32.2 | 13 || &..-.|13.9 |, 9 7| 21.9] 9 
| j26.2 | 20 | 26.4 | 13 |] 4 (23.6 8 | 23.7 | 3 
‘16.1 6 16.3 | 10 (34.5)) 2 || @.....14.0) 4 | 8.8) 15 (36.6)} I 
11.6] 5 21.9| 8 8.6 ll @&....|9.4] 7 19.6 | 3 
£33 7 || 8.6 | |18.1 | 16 |(18.1)| 1 
S:0 | ~@ |t7.7 | | 31.0] 8 8 |21.4 | 8 |(30.8)) 5 
by..../14:0 | 3 |17.0 14 | 35.8 8 | 9 |17.6 9 |(36.3)| 1 
12.20 81 17 63/100 25.7 | 79 | 12.25 82 |16 68) 109 | 27.1 | 49 
| | 
10.8 | 15 22.1 | 12 20.2 9 d,..../12.9 | 10} 9.2] 8 | 30.3 
C2 .|11.4 | 24 |14.5 | 11 | 18.2 8 || dz....|14.3 | 26 j19.1 | 18 | 23.8} 8 
14.8 | 12 (15.3 21 | 22.9 7 || ds....|14.0 | 18 [14.0 | 12 | 19.0 | 11 
9|9.6| 12 | 14.5 6 || dy....|16.0 | 18 |19.9 | 6 
110.4 | 13 116.2 | 8 | 39.0 Q || ds....|11.7 | 16 [18.9 | 7 | 36.9 3 
17.2 | 18 |14.8| 8) 19.0| 6 || 118.0 | 12 |20.2 8 | 32.0| 8 
18.2 | If 20.0 27.5 | 4 || d;.:..|18.9 | 12 135.9 | oO 
| 8 15.4 | 9 (0.8)! 1 || | 14 [14.3 | 10 |( 4.7 I 
© || dy..../13.3 | 19 '11.6 | 12 |( 0.7)| 1 
Cro. | 4 16.3 | 14 (68.0)| 8.3 | 26 [26.3 | 29 |(25.7)] 
Cu....{18.6 | 22 6.0)| 2 || des... 196.6 | 22 (26.3 | 23°]...... ° 
Ca....\16.6 | 8 17.6] 8 | 29.7 | 8 || diz...|13.7 | 15 [27.8 | 8 | 43.0 2 
13 07|143 15.47|/132 | 24.1 | 61 14.09 182 19.03137 26.5 | 52 
thus obtained were given equal weight. The following values of ‘ 


the coefficients and their mean errors were found from a least- 
squares solution. 


| 

| Coefficient | I 

km km km 
do 12.97+0.42 17.29+0.58 25.461. 33 
cos*b cos 2/...... ay + 2.54%0.75 | + 2.62#1.04 | + §5.13#2.37 
cos} sin 2]....... ds | — 0.51%0.75 | — 1.81%1.04 | — §.68+2.37 
2—3 cos*)....... — 0.58+0.46 | — 0.42+0.63 | + 0.80+1.44 
sin 2bcos/]...... a; — 0.09+0.76 | + 0.90*#1.05 | — 1.762.39 
sin 2b sin /... — 0.86+0.75 | + 0.77#1.03 | — 0.30+2.35 


| | 
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The last three coefficients have rather large errors as compared 
with the coefficients themselves, and hence they might be excluded 
in computing the axes. Since all the terms, however, are of equal 
geometrical significance, we can secure a little more accuracy by 
taking all into account. The very small term —o.09 sin 28 cos /, 
however, has been omitted. 

Introducing direction-cosines, we find 

I 0=12.97+3.12x°—1 .g6y’—1 .1627—1 .o2xy—o .18x3—1 .72y2 

II 0=17.29+3 .04x°—2.20 .8523—3 .62xy+1 .80xz+1 . 

II] .46+4 .334°—5 .93y’+1 .6027—11 .36xy—3 .52x2—0 .60y2 

In forming the maxima and minima of these expressions for the 
determination of the position of the axes of the surfaces, we must 
take into account the condition (16).’ We therefore write equal to 
zero the partial derivatives of the function 


in which ) is an arbitrary coefficient. 
The direction-cosines x, y, and z of the axes of the surface are 
therefore given by the equations 


(+3.12—A)x—O.51y —0 .09% =o 

Group I.. —O.51x +(—1.96—A)vy— 0.862 
— 0.86y +(—1.16—A)z =o 

( (+3 .04—A)x— 1.81y +0 .goz =o 

Group II... —1.81x +(—2.20—A)y+o.772 =o 
| +0.90x + 0.77y 

(+4 .33—A)x—11 .36y —3.522 =o 

Group III../ —11.36x +(—5.93—A)y—0.602 =o 
—3.52% — +(1.60—A)z =o 


The discriminating cubics of these equations are 
I M— 8.469A— 5.025=0 
II 12.081A—  5§5.940=0 
III \A’—170.04X +223.64 =o 


The roots of the cubics are 


As Ay 
I + 3.17 —o.62 — 2.55 
II + 3.70 —0.50 — 3.20 

III +12.32 +1 .33 —13.65 


The axes of the surfaces thus computed are in Table VIII. 
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The maximum axis, which can be assumed to be identical with 
the axis of preferential motion in the ellipsoidal and the two-drift 
theory, lies in all cases near the galactic equator. The intermediate 


TABLE VIII 


VERTICES OF MoTION. TERMS OF EVEN DEGREE | 


Group Axis | 6 | l b a 8 


km | 
Maximum....... 16.14 174°3 | + o°% 98°o | + 5° 
Minimum....... 10.42 84.3 +31.9 236.0 | +83.2 
Third direction...| 12.35 264.4 +58.1 187.7 | — 4-5 
Maximum....... 20.98 164.0 | — 8.0 85.9 +10.3 
Minimum....... 14.09 70.4 | —23.6 348.4 | +35.7 
Third direction...| 16.79 91.8 | +64.9 189.4 +52.3 ; 
Maximum....... 32.38 148.5 +14.1 99.6 +34.1 
eee Minimum....... 17.32 56.2 | + 9.1 303.7. | +53.4 
Third direction...| 25.58 294.2 | +73.1 197-6 | +11.7 


axis lies in all cases nearest to the galactic pole. 
For comparison I give here a list of other determinations of the 
principal vertex mainly from Eddington, Stellar Movements, p. 124: ' 


o 


Distant stars: Kapteyn gi° +13 
Rudolph 96 +7 
Hough and Halm go + 8 
Eddington 95 + 3 
Schwarzschild 93 + 6 
Eddington 04 +12 
*Hough and Halm 88 +27 
*Gyllenberg' 84 + 5 
Raymond? 92 +4 
*Present Papers (I and II) 92 + 8 
Nearer stars: Charlier 103 +19 | 
Dyson 88 +21 
Beljawsky 86 +24 
Raymond? 92 +35 | 
*Present Paper (III) 100 +34 


(The asterisk indicates that the determination is based on radial velocities.) 


* Meddelanden fran Lunds Observatorium, Ser. II, No. 13, 1915. 
2 Astronomical Journal, 30, 191, 1917. 
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There is here some indication that the nearer stars yield a higher 
declination for the principal vertex. The same result is found in 
the present investigation, the declination of the vertex having 
values +5°1, +10°3, and +34°1; and it is even more marked in 
the galactic longitudes 174°3, 16420, 14895. 


ASYMMETRICAL TERMS 


In order to find if there are systematic differences in the average 
radial velocities in opposite regions, I have computed the terms of 
the first and third orders in the expression for the surface given by 
equation (22). One-half of the difference of the average velocities 
for opposite regions represents their effect. The number of stars 
in some regions of the third groups being too small, I have discussed 
in this way only stars of the first and second groups. 

The expression used for the asymmetrical terms is 

Aé=a, cos cos cos b sin 1+-a, cos*b cos dy. cos*d sin 3/ 
+d cos 3b cos /+-a,. cos 3b sin /+-a,; sin 3b 
8/3 cos*b sin b cos 2/+-a,; 8/3 cos*b sin sin 2l. 


The term a; sin } is omitted, the stars near the pole of the 
galaxy being too few to yield a good determination. In the second 
group I have replaced the term a,,; sin 3b by the fifth-order term 
a, sin 4b cos b, which proved to be very large. 

Assigning equal weights to the different regions, a least-squares 
solution gave the following values for the coefficients: 


I | II 

km km 
ay —1.21+0.45 | —0.47+#0.91 
a2 +0.84+0.45 | —0.35+0.91 
dg —1.94#0.52 | —1.87#1.07 
| —2.15*0.52 | —2.47*#1.07 
du | +0.740.53 | +0.25+1.09 
| —1.340.53 | —0.29*1.09 
8/3 cos?b sin b cos 2/...| diy | +0.980.47 | +0.140.97 
8/3 cos?b sin b sin 2l....| ais | +0.32%0.47 | +2.730.97 


For the second group a new solution was made putting a,=a, 
=: =d;,.=;,=0. The values were not changed, but the mean 
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errors of the four remaining terms were reduced to 0.94, 0.94, 
| 0.85, and 0.78, respectively. 
The complete expressions for the surfaces used in computing the 
maxima and minima are thus 


I 6=12.97—1.21 cos cos .84 cos 6 sin /+ 2.54 cos*d cos 2l 
—o.51 cos*b sin 2/—0 .86 sin 26 sin 1—1 .94 cos'b cos 3/ 
—2.15 cos*) sin 3/+0.74 cos 3b cos /—1 .34 cos 36 sin / 
+0 .98X 8/3 cos*b sin b cos 2/+0.32X 8/3 cos’d sin sin 2l 
—o.58 (2—3 cos*b) —0 .66 sin 30. 


Il 6=17.29+2.62 cos*b cos 2/—1.81 cos’b sin 2/+0.90 sin 26 cos / 
+0.77 sin 26 sin /—1 .87 cos’ b cos 3/—2.47 cos%b sin 3/ 
+2.73X8/3 cos’b sin b sin 2/—0 .42 (2—3 cos*d) 

—2.35 sin 4b cos b. 


In Figs. 3 and 4 are shown the intersections of these surfaces 
with the galactic equator. The radii vectores of the dots represent 
the average radial velocity for the squares along the galaxy, i.e., 


TABLE IX 
4 INTERSECTIONS OF VELOCITY SURFACE WITH GALACTIC EQUATOR 
I | I 
No. | 9 obs. ®-omp O-C No. | % obs. | Scomp. O-C 
km km km km km km 
Cr tdy........ i 25 11.6 | 12.0] —0.4 | 20 16.9 | 16.0 | +0.9 
eee 45 50 12.9 | 12.2 | +0.7 29 17.3 | 15.5 | +1.8 
ee 75 30 14.3 | 13.4 | +0.9 33 14.8 | 17.6 | —2.8 
ee 105 27 12.3] 11.4 | +0.9 | 33 16.1 | 16.8 | —0.7 
135 29 | 82.2 0.0 15 17.5 | 16.5 | +1.0 i 
ee 165 | 30 17.§ | 16.2 | +1.3 16 17.§ | 20.4 | —2.9 
C7 +d;........ 195 23 18.6 | 19.0 | —0.4 14 28.0 | 22.1 | +5.9 
12.3 | 13.9 | —1.6| 19 | 14.8 | 16.3 | —1.5 
255 31 | 11.7 | 8.8 | +2.9-| 22 | 10.7 | 11.5 | —o.8 
Cot+dyw....... 285 14 8.5 | 11.8 | —3.3 27 16.3 | 15.9 +o0.4 | 
Cutds....... 315 | 21 | 17.41 17.0] +0.4| 25 | 21.2 | 22.6 | —1.4 
ee 345 | 23 14.8} 15.8] —1.0| 16 22.7 | 21.3 | +1.4 
: | 325 269 | 


C:+d,, ¢.+d,, etc., whose values are in Table IX. The dotted 
curves are the intersections with the galactic equator of the surfaces 
containing only terms of second order. 
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For both groups of stars we find a very marked three-lobed 
curve of nearly the same general appearance and position in the 
galactic equator. The three maxima are produced by the large 
third-order terms a, cos*b cos 3/ and cos%b sin The sums of 
these terms for the two groups are 


I 2.90 cos%b cos 3(1—76°0) II 3.10 cos’b cos 3(1—77°6) 


with mean errors in the coefficients of 0.74 and =1.33, respec- 
tively. They are of the same magnitude as the second-order terms 
which determine the stream-motion, namely, 


I 2.59 cos*b cos 2(/—174°3) II 3.18 cos*b cos 2(/—162°7) 


the mean errors here being 1.06 and 1.47. The evidence for 
these third-order terms has therefore much the same definiteness 
as that for the existence of the stream-motion. 

The maxima of the surfaces were obtained by assuming approxi- 
mate values of the longitudes and latitudes of the axes and com- 
puting corrections to their co-ordinates with the aid of the formulae 
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the derivatives being calculated with approximate value of } and /. 
The two principal maxima of the radius vector for each surface are 


given in Table X 
TABLE X 


CO-ORDINATES OF MAXIMUM RADIAL VELOCITIES 


Group |Maximum @| b a 6 

| | | 

km | | | 
I | {19.60 | 190° | +4 109° 
| \17.50 | 324 | 


An approximately symmetrical plane petpendicular to the galac- 
tic equator was found for the two surfaces in longitudes 


I L=258°6+5°9 II L=256°6+3°0 
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Each of these directions nearly bisects the angle between the two 
maximal axes of the surfaces. In Figs. 3 and 4 the directions of 
the planes of symmetry are indicated by arrows. 


VELOCITY SURFACE OF THE DWARF STARS 


In order to find the longitudes of the maxima of the average 
radial velocities, a harmonic analysis was made taking together all 
stars between galactic latitudes —66° and +66°. The values of 
6 for the different regions are found in Table XI. 


TABLE XI 


AVERAGE VELOCITIES—DWarF STARS 


Region Gal. Long. No. | obs. | | 
km km | km 

16°25 38 29.3 29.6 | —03 
49.5 33 21.7 21.6 +o0.1 
90.0 44 21.9 23.2 —1.3 
bytegtestds........... 130.5 34 31.7 28.6 +3.1 
bs+estostds........... 163.5 30 26.2 29.7 —3.5 
be 196.5 7 30.8 27.3 +3.5 
by 229.5 10 12.4 15.3 —2.9 
270.0 II 12.8 11.7 +1.1 
bopeoteutdn..........| 310.5 15 27.6 27.6 0.0 
343-5 19 34.0 33.9 +o.1 


The computed. average velocities were derived from the expres- 
sion 
6=24.35+1.78 cos /+ 3.76 sin /+6 cos 2/—4.88 sin 2/ 
—o.17 cos 3/—2.01 sin 3/, 


which is the result of the analysis. 

The maximum values of 6 are in longitudes 157° and 340°, and 
there is further a pronounced minimum in longitude 252°. The 
longitude of the symmetrical plane is 254°, in close agreement with 
that found for the more distant stars. The curve is given in Fig. 5. 


TENTATIVE EXPLANATION OF THE PROPERTIES OF THE 
VELOCITY SURFACE 


It is possible that the asymmetrical form of surface representing 
the average radial velocities @=/(b, /) depends upon the eccentric 
position of the sun in the galactic system of stars. This suggestion 
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180 


270° 
Fic. 5 


Fics. 3, 4, 5.—Intersections between the average radial-velocity surfaces and 
the galactic equator for the three groups of stars—Fig. 3 for the stars intrinsically 
brightest and most distant, Fig. 5 for those intrinsically faintest and nearest, and 
Fig. 4 for the stars intermediate in luminosity and distance. The radii vectores of 
the points represent the average radial velocity (1 cm=9 km/sec.) in regions adja- 
cent to the galactic equator. The full curves are the intersections when terms to 
the third order inclusive are taken into account; the dotted curves, when terms of 
the second order only are used. The projections of the maximal axes of the surfaces 
are indicated by straight lines; the arrows indicate the longitudes of approximately 
symmetrical planes perpendicular to the galactic equator. 
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is supported by the fact, derived by a’ consideration of the terms 
depending on galactic latitude alone, that in all groups the average 
radial velocity is a maximum somewhat south of the galactic equator. 

We thus find the following expressions for the variation in 
latitude alone: 

I 6=12.97—0.58 (2—3 cos*b) —0.66 sin 3b 
II 6=17.29—0.42 (2—3 —2.35 sin 4b cos b 
III @=25.46—0.37 (2—3 cos*b)+4.95 sin bB—4.94 sin 30 
the last being derived from a separate analysis of the average 
velocities in the six different zones. The curve corresponding to 
Group II is given in Fig. 6. 

All these functions have maximum values of @ for negative 
values of the latitude. Thus, 

I O0max.=13.9km 6=—109°1 
II @max.=19.7km 6=—19.9 
III Omax.=28.4km b=—22.8 

Since the sun is situated north of the real galactic plane at a 
distance of about 20 parsecs, the result may possibly indicate a 
maximum of space velocity in this plane. 

The position of the center of the galactic system has recently © 
been determined by Charlier? and by Walkey.* Charlier gives for 
the co-ordinates of the center of 800 B-type stars 

a=115°5, 6=—55°6; l=236°, b=—14° 
Distance = 18 . 21 siriometers= 88 .3 parsecs. 


Walkey finds for 30,736 stars of all types /= 246°, and for the 
B and A stars separately 
834 B stars, /=239° 
10,337 A stars, /=250° 
The last value agrees well with the longitude of the planes 
symmetrical to the velocity surfaces (258°6, 256°6, 254°). 


* This, however, is not the principal maximum which lies at the galactic north pole. 

2 Meddelanden fran Lunds Observatorium, Ser. II, No. 14, 1916. 

3 Monthly Notices, 74, 649, 1914. 

4A new determination by H. Nort of the star-densities as a function of galactic 
longitude has recently appeared. He finds from the Harvard Map of stars down to 
eleventh magnitude a largest concentration at longitude 275° (Recherches Astrono- 
miques de l’observatoire d’U trecht, 7, 1917). 
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We may assume that the maximum of average radial velocity 
occurs when the angle between the line of sight and the direction 
of preferential motion in space is a minimum. The fact that the 
two maximal axes of the surface are inclined to each other might 
therefore be interpreted as a result of a preferential motion, around 
the center in both directions. The plane of symmetry of the sur- 
face would then contain the center around which the stars are 
moving. The agreement between the longitudes of the symmetrical 
planes and the longitude of 
the center of the galaxy as 
determined by Charlier and 
Walkey supports this hypoth- 
esis. The increase in the 
values of the difference in 
the longitudes of the axes 
of maximum radial velocity 
(134°, 143°, and 183°), as we 
pass from the distant stars 
to the nearer, is also in 
harmony with such a sugges- -90° 
tion. Further, if the stars are Fic. 6.—Intersection of a plane through 


moving around the center of the axis of the galaxy with the surface of 

revolution representing the average radial 
the stellar system, we may velocities for stars of Group II when terms 
expect a minimum of orbital depending on galactic latitude alone are 


velocity near the center.’ included. Dotted curve corresponds to 
Such a minimum is perhaps ‘™S ° even orders. 

indicated by the exceptionally small values of the radial velocity 
near longitude 257°. 

That the stream-motion possibly is a motion around the center 
of the galaxy is further indicated by the fact that the axis of pref- 
erential motion is in the galactic plane and nearly perpendicular 
to the direction toward the center of the stellar system. 

The increase in average radial velocity with decreasing bright- 
ness is well shown in Figs. 3—5, which are drawn to the same scale. 
For almost every region when separately considered the radius 


*Strémgren, ‘“‘Uber Bewegungsformen in Globular Clusters,” A stronomische 
Nachrichten, 203, 17, 1916. 
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vector increases with decreasing brightness in passing from Group I 
to Group III. 


SUMMARY OF RESULTS 


The radial velocities of stars of spectral types F, G, and K have 
been studied, the stars being grouped according to absolute lumi- 
nosity with the aid of Adams’ spectroscopic parallaxes. The rela- 
tionship of proper motion to parallax has been determined, and the 
systematic errors in these parallaxes have been calculated by assum- 
ing the same frequency-distribution of the velocity-components in 
the line of sight as at right angles to it. The variation with abso- 
lute brightness of average radial velocity, of the K-term, of galactic 
concentration, of the solar motion, and of the stream-motion has 
been studied. The following are the main results. 

1. In the formula of Kapteyn for computing mean parallax from 
proper motion and apparent magnitude it is necessary to add a 
term c to the proper motion in order to secure satisfactory agree- 
ment with the measured parallaxes of the very distant stars. The 
parallaxes of these stars appear to be almost independent of proper 
motion. 

2. The systematic errors in Adams’ spectroscopically deter- 
mined parallaxes are small, the maximum error being one-fifth of 
the parallaxes. 

3. For stars of types F, G, and K there seems to be a steady 
increase of average radial velocity with decreasing brightness. For 
all three types there seems to be a break in the linear relationship, 
corresponding to the division into giants and dwarfs. If we sup- 
pose the relation between velocity and luminosity to be an effect 
of mass, the giants probably have a higher ratio of luminosity to 
mass than the dwarfs. 

4. The intrinsically bright stars have a higher galactic concen- 
tration than the fainter stars. 

5. The K-term seems to be positive for the brightest stars and 
negative for the fainter stars. 

6. No decided relationship between the constants of the solar 
motion and absolute brightness could be found. The intrinsically 
faint stars show, however, a somewhat lower declination for the 
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sun’s apex than the brighter ones. Since the fainter stars have been 
observed mainly in the Northern Hemisphere, the declination of the 
apex is somewhat uncertain. 

7. The preferential motions of three different groups of stars 
have been studied, the groups including stars of different lumi- 
nosities and distances. A general expression for a surface repre- 
senting a continuous variation of the radius vector (=average 
radial velocity) with direction has been used. This takes into 
account not only symmetrical terms affecting opposite points in the 
sky equally, but also asymmetrical terms with opposite effects at 
opposite points. The major axis of this surface agrees well with 
the axis of preferential motion usually adopted, if only terms of 
even order are used. Adding terms of odd order (asymmetrical 
terms), we find that the two axes of maximum radial velocity are 
not in a straight line, but are directed toward points near the galac- 
tic equator, and differing in galactic longitude by 134°, 143°, and 
183°, respectively, for the three groups. The best approximation 
for a symmetrical plane perpendicular to the galaxy has for the 
three groups galactic longitudes 259°, 257°, and 254°, which agree 
well with the longitude of the center of the stellar system as deter- 
mined by Charlier and by Walkey. This perhaps indicates that 
the stars studied are mainly moving around the center of the 
galactic system, with a preferential motion in the galactic plane. 


Mount WILSON SOLAR OBSERVATORY 
October 1917 
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PHOTO-VISUAL MAGNITUDES OF THE STARS IN THE 
PLEIADES 


By HARRIET McWILLIAMS PARSONS 


Although many photometric workers have investigated the stars 
in the Pleiades both visually and photographically, a determination 
of photo-visual magnitudes seemed advisable. This determination 
furnishes (1) the data for testing the photo-visual scale by compar- 
ing photo-visual with visual magnitudes, and (2) the data for find- 
ing directly the color-indices of the stars measured by comparing 
photo-visual with photographic magnitudes. 

The term photo-visual is self-explanatory, i.e., visual magnitudes 
obtained photographically are called photo-visual. To obtain such 
magnitudes it is necessary to use a combination of plate and color- 
filter that will give a spectral intensity-curve like that of the human 
eye, having maximum sensitiveness at A\=5500 approximately. 
For the determination of photo-visual magnitudes by Professor 
Parkhurst of the Yerkes Observatory, Cramer Isochromatic plates, 
both instantaneous and medium, are used, combined with carefully 
prepared and tested yellow color-filters known at Yerkes as 8 to 
(made by R. J. Wallace) and W12 (made by C. E. K. Mees). In 
order to determine the spectral intensity-curve for these combina- 
tions, exposures to northern skylight were taken with a Wallace 
spectrograph containing Wallace grating replica No. 53. The 
maximum sensitiveness of the Cramer Isochromatic plate with 
either filter occurs at \= 5500, although W12 cuts off more sharply 
in the blue than does B10. Eberhard has stated that it is not safe 
to rely upon an untested grating in a case like this, since the 
relative intensities in various parts of the spectrum may vary 
greatly with different gratings or grating replicas. An attempt was 
made, at the suggestion of Professor Parkhurst, to compare Wallace 
replica No. 53 with another Wallace replica used in the Ryerson 
Physical Laboratory at the University of Chicago. No noticeable 
difference in relative intensity was found. However, this subject 
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should be more thoroughly investigated, and it would be well to 
compare a number of gratings with a “standard prism,”’ that is, one 
of which the constants are accurately determined. Judging from 
the results of the present investigation, this combination of color- 
filter and Cramer Isochromatic plates gives the desired ,photo- 
visual magnitudes. 

The problem of a star’s color is an important one in stellar 
photometry. The difference between the photographic and visual 
magnitudes is known as the color-index, which is a measure of the 
“redness”’ of the star. This color-index has been found to be 
closely related to the spectral type, i.e., the more advanced the 
spectral type the greater the color-index. For faint stars this rela- 
tion gives a means of inferring the spectral type if the color-index 
is known. Also the fainter stars seem to be redder, according to 
present information, and it is seen that the color-indices are greater 
for the fainter stars. 

Of the twenty plates used in this determination, fifteen were 
taken with the Zeiss doublet camera by Professor Parkhurst and 
the writer, and five with the Yerkes two-foot reflector. The dou- 
blet has lenses of ‘‘ ultra-violet’ glass and is of the Petzval type, with 
aperture of 14.5 cm and focal length of 81.4cm. This instrument 
has a two-inch guiding telescope and gives sharp focal images. One 
of two parallel-wire gratings, known as R8 and Rg, is placed over 
the objective for part of the exposure. In the case of the former 
the diameter of the wire is equal to the free space. Only two plates 
used here were taken with this grating. Since we wish to compare 
“free’’ images (those taken without the grating) with the central 
and first diffraction images obtained with the grating, it is neces- 
sary that atmospheric conditions should remain constant during the 
two exposures. If the sky is changing uniformly, it is still possible 
to make the comparison by using the mean of the first and third 
exposures, taken with the grating, compared with the second expo- 
sure, taken without the grating. The plates taken with the two- 
foot reflector were useful in determining faint magnitudes. Since 
the field of the reflector is small, only a-part of the region of the 
Pleiades may be photographed on a plate. The images are not so 
sharp or so distinct as those obtained with the camera, because 
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guiding is more difficult. The grating used with this instrument 
is known as AI. 

The engraving, Plate IV, was made from two separate prints, 
the junction being faintly visible east of Alcyone, between the 
stars 241 and 547. The two parts are separated by 2mm too much 
space. The scale of the eastern part is 1 per cent greater than 
that of the western, which is 1 mm= 3575. 

The plates were measured with the Hartmann ‘ Mikropho- 
tometer.”” The measurement consists in comparing the stellar 
images with an artificial scale formed by successive exposures on a 
given star, varying in a constant ratio. After the plate is meas- 
ured, a correction is applied to reduce to the center of the plate. 
This correction is necessary because the size of an image varies 
slightly with its distance from the optical axis. On the camera 
plates the correction is small, while on the reflector plates it is much 
larger and more uncertain. 

The next step in the reduction consists in changing the corrected 
scale-readings into relative magnitudes. This is accomplished by 
means of the known intervals of magnitude obtained by the use of 
the grating. With a given grating the difference in magnitude 
between the ‘‘free’’ and central image from grating is 


5 ete (1) 
The interval in magnitude between the central and first diffraction 
image is given by 

ar an 

(log ota sin (2) 

where a=free space between wires, d=diameter of wires." The 

method used in reducing is substantially that used by Miss Leavitt 
and explained in Harvard Annals, 71, 147. 

The last step consists in changing the relative magnitudes into 

magnitudes on the International Scale. Up to this point the 


The constants for reduction of the two gratings are: 


R8 Ro 
Central—Free =1™s50 oM68 
Spectral —Central =o . 98 2.24 
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reduction has been independent of other determinations, depending 
only upon the constants of the grating. Stars of spectral type A 
between magnitudes 5.5 and 6.5 are called standard stars, since 
their photographic and visual magnitudes are assumed to be equal. 
Seven of these standards’ were used in this work, the determinations 
of magnitude by Miiller and Kempf? being taken as a basis, reduced 
to the International Scale by subtracting o“30. 

In the accompanying tables are found the photo-visual magni- 
tudes of 111 stars in the Pleiades, the visual magnitudes according 
to Miiller and Kempf, the photographic magnitudes determined 
by Miinch from the plates taken by Hertzsprung, the differences 
between the visual and photo-visual magnitudes, and the color- 
index. ‘The second table gives the fainter stars which have Wolf’s 
designation (underscored on the engravings), and thirteen stars 
with Roman numerals for identification upon the photographs. 
The third table is in the form of a summary, for classes of stars 
arranged according to magnitude, giving the average deviations from 
the mean for the different plates used (showing accordance of the 
photo-visual magnitudes), the means of the differences between 
visual. and photo-visual magnitudes, and the means of the color- 
indices. Table IV classifies the stars according to colot-index, 
giving the means of the color-indices and the means of the differ- 
ences between visual and photo-visual magnitudes. 

Tables III and IV give the two important results of the investi- 
gation. In Table III the column of mean differences between 
visual and photo-visual magnitudes shows whether our photo- 
visual scale differs systematically from that of Miiller and Kempf, 
and whether the color-index changes with the brightness. In regard 
to the first point, a slight increase is noted as the magnitudes 
increase, which may be due to the fact that the determinations of 
magnitude for the fainter stars are more uncertain, since photo- 
graphic images are often indistinct. The color-index is seen to 
increase with the fainter stars. Rosenberg? finds an increase in the 
redness of the stars in the Pleiades as they become fainter, especially 

* B.D.+23° 505, +22 563, +24 546, +24 553, +23 563, +23 536, +24 556. 

2 Astronomische Nachrichten, 150, 193, 1899. 

3 Ibid., 186, 71, 1910. 
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TABLE I 
B.D. No Photo-Visual Photog Mag. M & K—Ps | Color-Index 
| 2Mo4 2M8q 288 —oMos —oMo6 
3.73 3.62 3.60 —0.13 
3.76 3.66 3.50 —0o.10 —0.17 
| 3.93 3.91 3.80 —0.02 —0.13 
23 522.........| 4.28 4.18 4.08 —o.10 —0.20 
ee 4-34 | 4.27 4.17 —0.07 —0.17 
5.08 4.96 —0.07 —0o.19 
| 5.92 5.35 —o.18 
5-59 | 5.54 5.306 —0.05 —0.23 
5-73 5.68 §.52 —0.0§ | 
5.87 5.68 +o.02 | -—0.17 
| 6.21 6.07 —0.02 —o.16 
6.06 | 6.42 6.86 —0o.14 +0.30 
6.47 | 6.45 6.33 —0.02 —0o.14 
| 6.66 6.71 6.54 +0.05 —0.12 
| 6.82 6.80 6.72 —0.02 —0o.10 
| 6.88 6.85 | 6.73 —0.03 —0.15 
| 6.93 6.88 | 6.82 +0.05 | —o.o1 
re 6.99 6.93 7.03 —0.06 | +0.04 
7.07 6.94 | 7.50 —0.13. | +0.43 j 
6.98 6.98 | 7.00 0.00 | +0.02 
7.04 7-01 | 6.96 —0.03 —o.08 
7.18 7.32 +0.05 | +0.04 
7.19 7.23 7.17. | +0.04 | 
7.33 7.38 | | +0.01 
7.406 7.48 7-32 | +0.02 —0.14 
7.54 7.52 7.54 —0.02 | ©.00 
eee 7.44 7.54 7.55 | +o.10 | +0.11 
23 519* 7.69 7.54 9.06 | —0.15 +1.37 
7.68 7.69 7.82 | +0.01 +0.14 
7.82 9.33 9.30 | —0.09 +1.48 
7.87 | 7.82 7:95 | +0.08 
7.94 | 7.99 8.21 | +0.05 +0. 27 
§63......... 8.or | 8.01 8.05 | 0.00 +0.04 
8.06 | 8.03 8.15 | +0.09 
8.14 8.31 | +0.17 
8.22 | 8.14 8.29 | —0.08 +0.07 
8.23 8.52 | —o.08 +0.21 
8.33 8.24 8.61 —0.09 +o. 28 
8.27 8.32 8.43 | +0 +o.16 
8.46 8.51 | —o.11 +0.05 
8.69 | 8.55 | 8.7 | —0.14 +0.09 
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[ TABLE I—Continued 
Miiller and 
Photo-\V Miinch 
B.D. No. | Photog. Mag. M & K—Ps | Color-Index 
| 8"66 +oMI5 +o™"27 
8.88 8.70 10.15 —o.18 +1.27 
8.68 | 8.72 9.05 +0.04 +0.37 
8.91 | 8.75 8.76 —o.16 —0.15 
9.22 | 8.90 9.34 —0.13 +0.22 
8.90 | 9.04 9.20 +0.14 +0.30 
9.12 | 9.34 +0.22 
9.14 | 9.14 9.19 0.00 +0.05 
9.37 9.27 9.75 —o.10 +0. 38 
a 9.32 9.28 9.61 —0.04 +0.29 
9.20 9.33 9.51 +0.13 +0.31 
23 526. 9.30 9.35 9.55 +0.05 +0. 25 
9.47 9.40 9.73 —0.07 +0. 26 
9.47 9.46 9.71 +0.24 
9.40 9.70 10.10 +0.30 +0.70 
9.71 9.73 10.18 +0.02 +0.47 
9.53 9.76 10. 21 +0. 23 +o.68 
See 9.56 9.78 10.19 +0.22 +0.63 
9.58 9.90 10.26 +0.32 +0.68 
9.82 9.91 10.39 +0.09 +0.57 
9.82 9.99 10.50 +0.17 +0.68 
10.43 10.05 10.61 —o.38 +o.18 


: 
10.25 10.06 10.48 | —0.19 +0. 23 
9.83 10.22 10.72 | +0.39 +0.89 
| 
| 
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| 
TABLE II* 
Wolf’s No. Ps No. | ee Wolf’s No. Ps No. a | 
318 oMo8 VII 10M87 
I 10.01 _ || Vill 10.91 
II 10.09 | IX 10.92 
247 10.18 | 364 10.95 
328 10.19 350 II .02 
Ill 10.29 | 341 | II .02 
205 10.30 II .03 
IV 10.31 348 11.07 
335 XI II .07 
V 10.36 | 289 11.09 
301 10.40 | 244 II.10 
333 10.44 267 II.10 
VI 10.64 205 | 11.14 
239 10.74 357 | 
241 10.82 XII 11.27 
| XIII 11.29 
In these tables Ps (Parsons) refers to the values of the present paper. 5 
TABLE III 
Mean D M & K-P | 
Mac. jAvEnace EAN UVIFFERENCE | No. | Mrax No. or 
5Ms... —oMo7 —oMo7 7 | —oMis 7 
5.5- 6.5 +0.06 —0.05 —0.02 8 |  —0.09 8 \ 
7 +0.13 +0.06 —0.03 +0. 26 17 
8.5- 9.5 +0.19 +0.09 —0.03 16 | +0. 28 15 
Q.§-10.5... +o0.18 +0.27 +0.15 18 +0.57 10 
TABLE IIIa 
MEAN DIFFERENCE | 
Mac. AVERAGE M & K—Ps 
(M & K) DEVIATION |No. or Stars|CoLor-INDEx 
FROM MEAN 
Arithmetical | Algebraic 
= OM13 —oMo7 —oMo7 7 
+0.06 +0.04 7 —0O.12 
+0.16 +0.04 II —0.04 
OS +0.13 +0.05 —0.04 14 +0.13 
+0.19 +0.09 —0.03 12 +0. 21 
+o0.18 +0.27 +0.14 17 +0.57 
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between the seventh and ninth magnitudes, which change in color he 
considers a-real function of the ‘‘Gliihstand,”’ and not due to the 
absorption in space. Hertzsprung" states that the color-index from 
sixth to ninth magnitude increases to o“3, which fact may be noted 
in Table III. Table IV shows whether the combination of plate 
and color-filter differs in color-perception from the Miiller and 
Kempf eye. From the results any differences might seem to be 
accidental. 


TABLE IV 
MEAN DirrereNce M & K—Ps 
Cotor-INvEx No. or STaRs 

Arithmetical Algebraic 

—oM2s— oMoo............ 22 —oM13 oMo5 —omMo3 
18 +0.08 +0.07 —0.04 
FO. 19 +0. 29 +0.08 —0.03 
7 +0.69 +0. 25 +0. 25 
3 +1.37 —0O.14 —0O.14 


Triimpler? states that ten stars in the Pleiades by their proper 
motions are shown to have no physical connection with the rest of 
the group. Omitting these ten stars (having asterisks in Table I), 
we have Table IIIa, similar to III. On the whole, the results would 
seem to indicate that the scale employed is practically the same 
as that of Miiller and Kempf, and that the combination of 
plate and color-filter has color-perception similar to that of the 
human eye. 

Whatever of merit may be found in these determinations of 
magnitude and the results deduced is due to the suggestion and 
guidance of Professor J. A. Parkhurst, of the Yerkes Observatory, 
who took several of the plates used and under whose direction the 
other plates were taken, measures made, computation carried out, 
and the subject discussed in its present form. ‘To Professor Park- 
hurst I wish to express my gratitude and appreciation. 


VASSAR COLLEGE OBSERVATORY 
January 1917 


* Astronomische Nachrichten, 200, 137, 1915. 2 [bid., 200, 222, 1915. 
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NOTE ON THE CEPHEID VARIABLE SU CASSIOPEIAE* 
By WALTER S. ADAMS anp HARLOW SHAPLEY 


A variation in the radial velocity of Boss 637, SU Cassiopeiae,’ 
was found by Adams in the course of the regular spectroscopic work 
with the 60-inch reflector. The observations and measures were 
made without knowledge of the variations in light, as the star is 
not listed as variable in the Preliminary General Catalogue. The 
spectrograms on hand permit an inquiry into spectroscopic parallax, 
variation of velocity, and changes in spectral type, and the last 
may be compared with the analogous variations previously found 
from objective-prism plates. The material is discussed in the 
present note, which also includes some remarks on the variation 
in light. 

The variability in brightness was detected in 1906 by Miiller 
and Kempf? from the discordances in measures for the Potsdam 
Photometric Durchmusterung. A special photometric study indi- 
cated a variation between magnitudes 5.93 and 6.26, with a 
period defined by the formula, 


Max. =J.D. 2417287 .30+1.9498.E, G.M.T. 


The visual light-curve was found to differ from that of typical 
Cepheids in its small amplitude and symmetrical form. 

In 1906-1908 the star was observed photographically by J. A. 
Parkhurst,‘ who also found the variation peculiarly small and nearly 
symmetrical with respect to maximum light. The elements by 
Miiller and Kempf being unsatisfactory, the period 149490 was 
substituted for the value above. From the photographic mag- 
nitudes at maximum and minimum, 6.52 and 6.99, respectively, 
Parkhurst derived a variation in color-index from 0.59 to 0.73. 
An objective-prism plate at phase 1728 gave a spectrum of F3, in 

* Contribution from the Mount Wilson Solar Observatory, No. 145. 

2 a= 2543™289, 5= +68°28'27” (1900.0). 

3 Astronomische Nachrichten, 173, 307, 1907. 

4 Astrophysical Journal, 28, 279, 1908. 
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fair agreement with the color-index. Because of the star’s faint- 
ness, the attempt to find a variation in radial velocity with the 
Bruce spectrograph and the 4o-inch refractor was’ considered 
inconclusive, although the observed range was from —1 km to 
—16 km. 

An examination of the light-curve by Shapley’ has shown that 
the variation cannot be interpreted as the result of the rotation of a 
simple ellipsoidal body. The conclusion that the star is a Cepheid, 
notwithstanding the form and amplitude of its light-curve, is 
verified by the spectroscopic work described below. 

Variations in spectral type from A8 to F5 were recorded in 1916 
on plates made with the 1to-inch photographic telescope at Mount 
Wilson.?, The type of spectrum and the brightness of the spectral 
images (compared with those of neighboring stars) indicated that 
neither the formula by Miiller and Kempf nor its modification by 
Parkhurst then represented the variation in light; but the epoch 
given by Miiller and Kempf with an intermediate value of the 
period, 1494935, was found sufficiently accurate for the work on 
spectral variation. 

A new investigation of the period has now been made, employing 
(1) the observations made at the Potsdam and Yerkes observatories; 
(2) a redetermination of the magnitudes on the objective-prism 
plates of 1915 and 1916, and (3) a series of visual estimates on four 
nights in August 1917. The result has been checked with the 
observations of spectral type mentioned in the preceding paragraph, 
as well as those derived from the slit spectrograms, and with the 
observations of radial velocity given below. The variations in 
light, velocity, and spectrum are all relatively small and gradual, 
making high accuracy for the elements impossible. The following 
formula, however, gives satisfactory phases for all variations: 


Max. =J.D. 2417287 .10+1.9495.E, G.M.T. 


There is some evidence that the period is not constant. 
The spectroscopic observations with the 60-inch telescope are 

given in Table I. The phases have been computed from the 

* Astronomische Nachrichten, 194, 357, 1913. 

2 Mt. Wilson Contr., No. 124; Astrophysical Journal, 44, 273, 1916. 
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preceding maximum of the light-curve. Describing the velocity- 
variations in terms of the orbital elements of a spectroscopic 
binary, the following results are obtained from a graphical 


solution: 


Epoch of Max. Vel. of Approach=J.D. 2420197 .65, G.M.T. 
Period= 149495 
0.0 
K=11.0 km/sec. 
V.=—7.0km/sec. 
a sin 7= 295,000 km 
m3 sin} 


The epoch of maximum negative velocity precedes the maximum 
of light by of05. The elements are entirely typical of Cepheid 


Days 
—0.5 0.0 +0.5 +1.0 +1.5 
—20 


Radial velocity 
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Fic 1.—Velocity-curve of SU Cassiopeiae 


variables that have small ranges of velocity and nearly symmetrical 
velocity-curves. In Fig. 1 the observations are plotted along the 
computed velocity-curves. The average deviation is 1.5 km. 
The spectral types determined by Adams from the spectrograms 
made with the 60-inch reflector are given in the last column of 
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Table I. The types derived by Shapley from the plates made 
with the 1o-inch refractor are in Table II,’ with phases based on 


TABLE I 


OBSERVATIONS WITH 60-INCH 


REFLECTOR 


J.D. and G.M.T. 


Plate Date Epoch | Phase Velocity Spectrum 
| km 
7-2897....| 1913 Nov. 16 |2420088.745 1437 of21 —10 F2 
3072....| 1914 Feb. 1 0165 .692 1476 1.13 +1 Fs 
Mar. 5 0197 .675 1492 1.93 —20 Fo 
3808.... Nov. 24 0461.15 1628 1.04 + 3 F6 
§116....| 1916 Oct. 7 1144.943 1978 1.73 —16 Fo 
$230... Nov. 9 1177.821 1995 1.47 — 8: F3 
Dec. 7 1205. 706 2010 0.12 —16 F2 
6200....| 1917 Sept. 6 1478 .986 2150 ©.47 —9 F4 


the new elements. 


illustrated in Fig. 2. 


=©.2 


Visual magnitude 
° 


The variation of spectrum with magnitude is 


+1.5 


Days 
0.0 +0.5 +1.0 
Fo 96 
Fi 
F2 
F3 Fas 


Fic. 2.—Variation of the spectral type of SU Cassiopeiae 


The proper motion of SU Cassiopeiae is mainly parallactic, 
being 0”016 in position-angle 108°. The parallax, according to a 


* Mt. Wilson Contr., No. 124; Astrophysical Journal, 44, 273, 1916. Types 
marked as uncertain in the earlier paper are now omitted, and a typographical error 
is corrected. A new classification of all plates yielded but one correction; for the 


plate on Julian Day 2420841 the spectrum is F3 instead of Fr. 


| | | | 
‘i 
—0.§ | 
+0.2 
Age 
' | 


5° WALTER S. ADAMS AND HARLOW SHAPLEY 


recent determination by van Maanen,' is +0”010 0.003; the 
spectroscopic parallax is in exact agreement if the visual magnitude 


TABLE II 


OBSERVATIONS WITH 10-INCH REFRACTOR 


| 

J.D. and G.M.T. | Epoch | Phase | Spectrum J.D. and G.M.T. | Epoch Phase Spectrum 

2420841 .836...| 1823 | 0480 | F3 2420900.727...| 1853 1921 F2 
0894.775... 1850 | 1.11 | F3 * Fr 
0894.782...| F4 | ogor.685.... 1854 0.21 Ag 
0896.711... 1851 | 1.09 | Fs | og01.694....  “ 0.22 Fo 
0899.622... 1853 | 0.10 | Ag OQOI. 702... 0. 23 F2 
0899.631...  “ O.11 | AS | O901.714..., “ Fi 
0899 . 820 0.30 F2 | Og01.725...| “ 0.25 Fo 
0899 . 832 0.31 Fo || OQO! . 737.. 0.27 Fo 
Og00 722 1.20 rs 


is taken to be 6.23, as given in the Preliminary General Catalogue. 
With the corresponding value of the distance, the total velocity 
in space with respect to the sun is 1o kilometers a second. 


Mowunt SOLAR OBSERVATORY 
November 1917 


* Mt. Wilson Contr., No. 136, 1917. 
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MiInoR CONTRIBUTIONS AND NOTES 


STARS IN THE GROUP OF THE PLEIADES BUT NOT 
BELONGING TO THE PHYSICAL SYSTEM | 


In another place in this number is printed Miss Parsons’ paper 
entitled ‘*Photo-visual Magnitudes of Stars in the Pleiades,” in 
which she calls attention to Triimpler’s list' of twelve stars pro- 
jected on the group but having proper motions so different from 
the rest as to suggest detachment from the system. Most of these 
stars possess the added peculiarity of a larger color-index than the 
rest of the group. The accompanying table, which collects the 
data from the two papers cited, will therefore be of interest. 


TABLE I 
MAGNITUDES CoLor-INDEX 
BD Resazwe 
Photo-vi 1 | Phot hi PROPER OTION 
| Photographic parsons Trimpler 
+23°519.....| 769 +1437 | 2751 
9.37 9.75 +0. 38 | +0.40 5.25 
ee 7.07 7.50 +0.43 | +0.53 5.48 
9.30 +1.48 | +1.23 3.39 
+23°544..... | 8.88 10.15 | +1.27 +1.17 3.86 
559.....| 6.56 | 6.86 +0.30 | +0.40 2.40 
564.....| 9.46 | (10.6) (+1.1) | (+2) 5.18 
9.14 9.19 +0.05 | —0.15 4.17 
+24°s50.....| 8.69 8.78 +o. +0.13 2.12 
(9.40) 10.10 (+0.70) +0. 25 2.11 
8.91 8.7 —0.15 | 3.70 


In the table the magnitudes and color-indices are given from 
Miss Parsons’ paper in columns two, three, and four, with the 
following additions: 

1. B.D. +23°533: The photographic magnitude of this star is 
not given explicitly by Muench, but comparisons with neighboring 


* Astronomische Nachrichten, 200, 222, 1915. 
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stars on his photographic print show the value to be about 11™3, 
with a resulting color-index of +0.6. 

2. B.D. +23°564: By the same process as used for the foregoing 
star the magnitude 10.6 and the color-index +1.1 were obtained. 

3. B.D. +24°552: This is the only star for which the color- 
index found by Miss Parsons differs materially from Triimpler’s 
value. Investigation of the original data showed that it had been 
measured by Miss Parsons on only one plate and that the image was 
somewhat elongated, so that the resulting magnitude could not be 
reliable and the star should be omitted from the list. 

4. Omitting the above-mentioned data, inclosed in parentheses, 
the mean of the color-indices of the remaining nine stars is almost 
identical in the two lists, differing by only 1 per cent. 

From the foregoing data and the list in Miss Parsons’ paper we 
therefore reach the following remarkable conclusions: 

1. Down to magnitude 8.7 all stars having color-indices as 
large as 0.30 are shown by their large relative proper motions 
(compared with Alcyone) to belong outside the system. 

2. All stars (with two or perhaps three exceptions) having large 
relative proper motions have also large color-indices and are there- 
fore in a different stage of evolution from the members of the 
system. 

Thus we have some additional data tending to prove the homo- 
geneity of the physical system of the Pleiades. 


J. A. PARKHURST 
YERKES OBSERVATORY 
January 1918 


CHANGES IN THE SPECTRUM OF THE WOLF-RAYET 
STAR GAMMA ARGUS 


Spectrographic investigations were recently begun of bright- 
line hydrogen stars, the Wolf-Rayet stars, and the brighter stars 
of Classes B and A. Among the first of the Wolf-Rayet stars to 
be observed was the premier star of this class, y Argus. These 
observations show unmistakable changes in its spectrum. On 
account of the importance of the star a preliminary note on the 
subject is thought desirable. 
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The observations so far made have been obtained with a 20° 
prism of 5 inches aperture attached to the astrographic equatorial 
as an objective-prism. This combination gives spectra in good 
focus for practically the entire photographic region, the dispersion 
at Hy being 35 A per millimeter. This dispersion is sufficient to 
show clearly the widening of lines in spectra of early types and 
much detail. The resolution is good, the H and He lines in Sirius, 
for example, being clearly separated. The negatives were made on 
Seed 30 plates. 

Several exposures were secured on August 15, 16, and 17 anda 
fourth plate with three different exposures on November 13, 1917. 
In this interval of three months there has been a well-defined change 
in the structure of H@ and a less marked change in the region of 
450. At both epochs there is weak, narrow Hf absorption, with 
bright borders of unequal intensity on the two sides. In August the 
bright border on the red side is the stronger. In November the 
violet border is the stronger. In both cases the differences are very 
pronounced, and their reality is confirmed by several images. I 
have spoken of the H§ as an absorption-effect. It is doubtful, 
however, if the position of that line is in reality any weaker 
than the continuous spectrum outside of the bright borders, 
although it shows as a weak absorption line between the two 
brightenings. 

The changes in the region of \ 450 are not so pronounced, 
although they appear to be certain. They are in the nature of a 
change of width of the bands. 

A comparison of these recent observations with the Harvard 
reproduction of the spectrum of this star’ and with Campbell’s 
observations in 1893-1894? shows that large changes have almost 
certainly occurred in the interval of twenty years. Indeed, the 
intensities of the bands in the recent observations bear little resem- 
blance to the Harvard reproduction. On account, however, of the 
well-known peculiarities which are introduced in photographic 
copies, it is not possible at this time to discuss the observed differ- 
ences. 

* Harvard Annals, 56, No. 6, Plate II, Fig. 4. 

2 Astronomy and Astrophysics, 12, 555, 1893; 13, 457, 1804. 
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Campbell’s statement, ‘At F the spectrum appears to be strictly 
continuous,” with regard to his 1893 observation, and the statement 
in his later article—‘‘ Two negatives show what seems to be a very 
faint band at H§, with a fine, partially dark line through its center 
at 4861; but the contrasts are very slight indeed’’—seem to furnish 
a secure basis for the conclusion that the structure recently observed 
in that region has become more pronounced. His observations were 
also photographic, and H@ is now much stronger than the line at 
479, which he also recorded. 

The recent observations also show a broad, very faint brighten- 
ing in the general region of the chief nebular line. Although very 
faint, this strengthening seems to be certain. A general strength- 
ening is suspected in the region of the second nebular line. 

A more detailed discussion of the spectrum of this star as well 
as of others will be published later. 

Two conclusions are suggested by these observations: that there 
has been a secular change in the spectrum and that there have been 
changes in the structure of the H@ line analogous to those observed 
in the bright-line hydrogen stars. This latter conclusion appears 
to be especially significant as tending still further to link together 
the stars of Classes B and O. 

I have had the efficient assistance of Second Astronomer Winter 
in taking the photographs. 

C. D. PERRINE 


OBSERVATORIO NACIONAL ARGENTINO, CORDOBA 
November 14, 1917 
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NOTICE CONCERNING REPRINTS 


It was formerly the custom in the editorial office of this Journal, 
when reprints of important articles were furnished to the authors, 
to order at the same time a small number of extra copies, in covers, 
for the editorial office. This applies particularly to the first 25 volumes. 

These reprints have been called for to some extent, but they might 
be much more serviceable if their existence were more generally known 
to authors and readers. Therefore, if such separates are desired by 
contributors or individuals, those available will be sent to them from 
the editorial office at a small expense calculated to cover the original 
cost and postage only. This may be estimated as five cents apiece for 
single reprints of articles of less than 12 pages, or 10 cents for those 
of 12-24 pages, etc. Where several copies are taken, the price will 
be reduced according to the saving in postage. ‘ 

It is not possible to publish the titles of these papers, but the fol- 
lowing are some of the authors: C. G. Abbot, W. S. Adams, S. Arrhen- 
ius, E. C. C. Baly, E. E. Barnard, J. Barnes, O. H. Basquin, F. E. 
Baxandall, A. Belopolsky, D. B. Brace, W. W. Campbell, C. A. Chant, 
G. C. Comstock, S$. R. Cook, M. A. Cornu, A. L. Cortie, H. Ctew, C. 
W. Crockett, R. H. Curtiss, Zaccheus Daniel, A. L. Day, W. Doberck, 
N. C. Duner, C. Easton, W. L. Elkin, Charles Fabry, J. Fenyi, R. A. 
Fessenden, A. Fowler, Philip Fox, E. B. Frost, J. C. Hagen, G. E. Hale, 
J. Hartmann, C. S. Hastings, W. Huggins, W. J. Humphreys, L. E. 
Jewell, W. H. Julius, J. C. Kapteyn, H. Kayser, J. E. Keeler, A. S. 
King, R. de Kévesligethy, Elizabeth R. Laird, S. P. Langley, Kurt 
Laves, O. J. Lee, E. P. Lewis, Percival Lewis, H. C. Lord, Percival 
Lowell, Theodore Lyman, A. Mascari, Antonia C. Maury, A. A. Michel- 
son, S. A. Mitchell, W. M. Mitchell, J. F. Mohler, J. H. Moore, H. W. 
Morse, F. R. Moulton, D. W. Murphy, G. W. Myers, H. F. Newall, 
Simon Newcomb, E. F. Nichols, P. G. Nutting, H. K. Palmer, J. A. 
Parkhurst, F. Paschen, C. D. Perrine, G. H. Peters, E. C. Pickering, 
W. H. Pickering, C. L. Poor, R. A. Porter, C. Pulfrich, H. M. Reese, 
G. W. Ritchey, A. W. Roberts, Isaac Roberts, H. A. Rowland, 
C. Runge, H. N. Russell, J. R. Rydberg, F.-A. Saunders, J. Scheiner, 
A. Schuster, H. Shaw, V. M. Slipher, F. Slocum, C. P. Snyder, Confer- 
ence on Solar Research (St. Louis, 1904), Joel Stebbins, G. J. Stoney, 
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T. N. Thiele, D. P. Todd, R. H. Tucker, C. E. Van Orstrand, F. W. 
Very, H. C. Vogel, F. L.O. Wadsworth, R. J. Wallace, E. J. Wilczynski, 
| J. Wilsing, R. W. Wood, W. H. Wright, Anne S. Young. 

Reprints of the more inportant articles by former and present mem- 
bers of the staff of the Yerkes Observatory from all volumes of the 


Journal are generally in stock. 
Inquiries will be cheerfully answered and the separates supplied 


whenever possible. 
Address: ASTROPHYSICAL JOURNAL, 
YERKES OBSERVATORY, WILLIAMS Bay, WISCONSIN 
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NOTICE 


The scope of the ASTROPHYSICAL JOURNAL includes all investigations of 
radiant energy, whether conducted in the observatory or in the laboratory. 
The subjects to which special attention is given are photographic and 
visual observations of the heavenly bodies (other than those pertaining to 
“astronomy of position’’); spectroscopic, photometric, bolometric, and radio- 
metric work of all kinds; descriptions of instruments and apparatus used in 
such investigations; and theoretical papers bearing on any of these subjects. 

Articles written in any language may be accepted for publication, but 
they usually will be translated into English. It is the practice of this 
JOURNAL to have tables of wave-lengths printed with the short wave-lengths 
at the top, and maps of spectra with the red end on the right. 

Accuracy in the proof is gained by having manuscripts typewritten, 
provided the author carefully examines the sheets and eliminates any errors 
introduced by the stenographer. It is suggested that the author should 
retain a carbon or tissue copy of the manuscript, as it is generally necessary to 
keep the original manuscript at the editorial office until the article is printed. 

All drawings should be carefully made with India ink on good white paper, 
usually each on a separate sheet, on about double the scale of the engraving 
desired. Where cross-section paper is used, blue colors only should be 
employed, and those lines which are to appear on the diagram should 
be ruled over with black ink, Lettering of diagrams will be done in type 
around the margins of the cut where feasible. Otherwise printed letters 
should be put in lightly with pencil, to be later impressed with type at the 
editorial office, or should be pasted on the drawing where required. 

Where unusual expense is involved in the publication of an article, 
either on account of length, tabular matter, or illustrations, arrangements 
are made whereby the expense is shared by the author or by the institution 
which he represents, according to a uniform system. 

Authors will please carefully follow the style of this JOURNAL in regard 
to footnotes and references to journals and society publications. 

Authors are requested to employ uniformly the metric units of length 
and mass; the English equivalents may be added if desired. 

Reprints of articles, with or without covers, will be supplied to authors 
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